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INTRODUCTION 
The importance of vegetative roadside stabilization is 
gradually being recognized. Stabilization of exposed soil ma­
terials bordering roads is desirable from the aesthetic point 
of view, and it is necessary for the prevention of siltation 
and of blocking of water-conducting structures. It is neces­
sary in order to provide safe shoulders during rainy weather, 
to prevent erosion next to pavement and on slopes, and to pro­
vide ease and safety in maintenance. Adequate vegetative 
cover, therefore, decreases maintenance costs, increases 
safety, and enhances the beauty of our roadsides. 
The roadside area of paved highways can be divided into 
four general regions: (1) the shoulder, which is the nearly 
horizontal strip adjacent to the pavement, (2) the foreslope, 
which is the portion that slopes down from the shoulder, (3) 
the ditch, which conducts the water that drains from the fore-
slope and backslope, and (4) the backslope, which slopes down 
to the ditch from the side opposite the foreslope. Ditches 
are either seeded or sodded depending on their degree of 
slope. The remainder of the roadside area is seeded. 
Backslopes are generally bladed to a 50 per cent slope 
according to specifications. Seeding contracts are let by bids, 
the operation being conducted in the spring or fall according 
to the time of completion of the paving. Specifications for 
Iowa highways, at the time of initiation of this study, 
called for tillage of the soil to a depth of three to four 
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inches, seeding a nurse crop of oats (spring) or rye (fail) at 
two bushels per acre, rolling of the seedbed, seeding with 
fifteen pounds of brome, five pounds of alfalfa, three pounds 
of alsike clover, and two pounds of red clover per acre, 
rolling the seed, and mulching with two tons per acre of straw 
or hay. Cost of seeding of backslopes averaged between 50 and 
100 dollars per acre, but no provisions were made for the 
fertilization necessary to insure success. 
The purpose of this research was to determine the cause 
of failure of backslope seedings and to investigate various 
means for preventing failure. The investigations which were 
thought to be of greatest practicality with respect to pre­
venting failure included the selection and trial of promising 
grass-legume mixtures, the comparison of results from differ­
ent rates of seeding, the testing of rates of application of 
nutrients, the comparison of effects of species and rates of 
seeding of small grain companion crops on the establishment 
of grasses and legumes, and the evaluation of seeding specifi­
cations for possible improvements. 
The subject of this thesis is the presentation, evalu­
ation, and interpretation of data on the growth response of 
seeding mixtures to certain treatments, the results of which 
could have considerable bearing upon future roadside seeding 
procedures. 
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LITERATURE REVIEW 
Roadside Seeding 
There have been a number of studies on the selection of 
species and mixtures for use in establishing roadside vege­
tation in different geographic regions. The country has been 
divided into climatic regions (2o) and the shrubs and vines 
most useful and adapted to stabilizing roadsides within each 
of these regions have been listed. Gordon (24) presented 
tables of adapted trees and shrubs to be used for protection 
and beautification of backslopes in the Northeast and in the 
Middle-Atlantic states. lurka (30) listed creeping red fes­
cue, smooth brome, orchardgrass, redtop, and perennial rye­
grass as the best grasses and wild white clover, birdsfoot 
trefoil, and Grimm alfalfa as the best broad-leaved species 
for the stabilization of shoulders in New York. Neale (44) 
reported the use of a mixture of 1/3 ryegrass, 1/3 bluegrass, 
and 1/3 fescue in Michigan. Mendel (40) reported that a mix­
ture of 10 per cent perennial ryegrass, 10 per cent redtop, 15 
per cent Korean lespedeza, 15 per cent domestic ryegrass, 25 
per cent sericea lespedeza, and 25 per cent Kentucky 31 fes­
cue was successfully used in turnpike construction in West 
Virginia. 
Birdsfoot trefoil and crown vetch were each seeded with 
domestic ryegrass, creeping red fescue, and Kentucky 31 fescue 
on backslopes in Pennsylvania. After three years, the cover 
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percentages were 13, 6, and 4 for birdsfoot trefoil and 89, 59, 
and 77 for crown vetch, respective to the above grasses. 
Dense cover and deep rooting made crown vetch the more desir­
able legume. Ryegrass was considered the best of the grasses 
due to its initially high cover percentage and its easy re­
placement by the vetch. McDill (39) reported the testing of 
two seed mixtures on backslopes in Iowa, one (H) containing 
brome, alfalfa, red clover, and alsike clover and the other 
containing these species plus bluegrass, alta fescue, and red-
top. The H mixture was found to be more desirable on the 
basis of greater stand per unit (number) of seed applied. 
The rate of seeding to be used on roadsides has been 
somewhat controversial. A few states have taken a reasonable 
approach to solving this problem, but even these attempts 
have not gone far enough. Prevailing rates of seeding per 
acre have been reported as 40 to 50 pounds on rural highways 
and 60 to 70 pounds for urban areas and parkways in New York 
(55), 175 pounds of grass plus added clover and rye in New 
Jersey (47), 34 pounds of sudan grass or 70 pounds of rye with 
50 pounds of Korean lespedeza in North Carolina (57), and 60 
to 90 pounds in an unspecified area (43). Iurka (30) re­
ported seeding rates of 25 through 125 pounds per acre on 
shoulders. He noted that the cover produced by 25 pounds was 
as good as that from higher rates. Combinations of 25, 40, 
and 60 pounds of grass with 15 and 25 pounds of birdsfoot tre­
foil, or 20 and 30 pounds of crown vetch per acre were tested 
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on backslopes in Pennsylvania. The low rates of both the 
grasses and legumes were found to be adequate. McDill (39) 
seeded backslopes in Iowa at rates of 6.25) 25, 100, and 400 
pounds per acre. He concluded that the 25 pound rate was 
desirable on the basis of stand per unit of seed and per dol­
lar of cost. 
Species generally used for nurse crops have been ryegrass, 
oats, and rye. Although advice against using too much rye­
grass in a mixture has been offered (44,45), ryegrass has not 
been found a problem in other instances (15). Either rye­
grass or a small grain have been used as cover crops in other 
instances (3,30,39,40,47,59). 
Mulches of various kinds are usually applied to slopes in 
conjunction with seeding. The benefits ascribed to mulching 
are given as reduction of raindrop velocity, prevention or 
decrease of surface erosion, increased penetration by rainfall, 
conservation of soil moisture through prevention of evaporation, 
shading of seeds and seedlings, addition of organic matter to 
the soil, reduction of alternate freezing and thawing, ad­
dition of weed or crop seeds, reduction of wind erosion, re­
duction of temperatures of surface soil, and reduction of 
deposition of soil in waterways and channels (3,16,42,54). 
The mulching materials have depended partly on availability. 
Straw and hay at two tons per acre are the most common mulch­
ing materials, but sand, gravel, wood chips, peanut hulls, 
peat,asphalt and other materials have given satisfactory 
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results (3,30,40,42,47,54,57,66). Asphalt-water emulsion 
sprayed on soil surfaces proved to be detrimental through 
raising surface temperature 15°F., but gave satisfactory re­
sults in other instances (57). Asphalt emulsion sprayed onto 
hay or straw has proven of value as a binding agent on rela­
tively steep slopes (40). The use of synthetic soil-condi-
tioning agents mixed into the surface soil in place of mulch 
has proven unsatisfactory (54,49). 
States have varied considerably with respect to fertili­
zation recommendations. Many of the recommendations have not 
been based on experimental results, however, and disagreement 
still exists over the amount of fertilization necessary. The 
opinion has been expressed that the relative costs of ferti­
lizer are so low that no attempt to economize in their appli­
cation can be justified. Specifications calling for 100 
pounds of nitrogen, 200 pounds of phosphate, and 100 pounds of 
potash per acre have been reported in New York (66) with the 
recommendations that fertilizer be used in large quantities 
as required by the soil and type of vegetation. Maintenance 
fertilization as needed was also suggested. Topsoil stock­
piling and subsequent incorporation with surface soil was once 
a common practice (16) but has recently been given up as im­
practical. Recommendations for the state of New York were 50 
to 100 pounds of nitrogen per acre plus lesser amounts of phos­
phate and potash (55) with annual maintenance fertilization at 
the rate of 40 pounds of nitrogen per acre. The use of 800 
pounds of 8-8-8 fertilizer per acre in Louisiana and 450 pounds 
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of 8-8-8 plus 150 pounds of 20-0-0 per acre in Texas is report­
ed (3). Application of 1500 pounds of 5-10-5 per acre and pH 
correction to 5.8 with high-magnesium limestone were specified 
in New Jersey (4-7). The use of 700 pounds of 6-8-6 fertilizer 
per acre initially and at midseason were reported from North 
Carolina (57). Neale reported use of 500 pounds of 10-6-4 per 
acre in Michigan (44) and 1200 pounds of 10-6-4 in an unspeci­
fied location (43). West Virginia work required application 
of 800 pounds of 10-10-10 per acre (40), and fertilizer appli­
cation in Pennsylvania called for 1200 pounds per acre of 5-10-
5 (15). Fertilization with 50 to 90 pounds of nitrogen, 60 to 
140 pounds of phosphate, and 30 to 80 pounds of potash was al­
so suggested (54) with maintenance fertilization of 30 to 50 
pounds of nitrogen and some potassium and phosphorus also 
recommended. Seedling vigor and establishment were found to 
be closely related to nitrogen fertilization. 
Peperzak (50) concluded that all subsoil materials are 
low in available nutrients and require fertilization, especial­
ly with nitrogen and phosphorus. He also concluded, in his 
survey of subsoil materials in Iowa, that poor soil structure 
and heavy texture may be limiting factors in the growth of 
existing vegetation on backslopes. 
Saunders (57) found that the drilling of seed and ferti­
lizer was more effective than hydroseeding and harrowing, pre­
sumably as a result of better fertilizer placement. lurka 
(30) pointed out that topsoil was unnecessary to the success 
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of seedlings, and that economy resulted from seeding on unpre­
pared material and covering thinly with sand wherever prac­
tical. Experiments in West Virginia (40) on relatively steep 
slopes indicated that seeding immediately after grading was 
completed, with no seedbed preparation but with straw-asphalt 
mulching, resulted in economical, effective cover. Spot re-
seeding was required due to later disturbances, but the oper­
ation was judged to be economical, effective, and rapid. 
Grass-legume Mixtures 
The results of many agronomic experiments have indicated 
that mixtures, especially of grasses and legumes, are more 
productive than pure stands. Bula, et al. (6) have presented 
numerous references to this interaction. Nitrogen fixation in 
legume root nodules has generally been accepted as an explan­
ation for the greater yielding ability of grass-legume mix­
tures. The soil nitrogen requirement of legumes is generally 
low relative to that of grasses, and the greater yield of mix­
tures is attributed to the greater growth of the grasses as a 
result of utilization of some of the nitrogen fixed in the 
legumes. Furthermore, the growing of mixtures of species 
having varied requirements frequently results in higher yields 
even if there are no legumes involved. This may be attribut­
able to differences in root extent or position, differences 
in environmental requirements, differences in periodicity 
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of growth, and perhaps other factors. 
Bula, _et aJL. (6) have indicated that yields of legumes 
approach those of grass-legume mixtures on infertile soils, 
while yields of pure stands of grasses are markedly lower 
under such circumstances. Many forage grasses are slower in 
developing from seed than are legumes (34). This poor develop­
ment, especially on infertile soil and in the absence of 
legumes, sometimes results in undesirable weed infestations 
as well as submaximal forage yields (67). If unsuitable en­
vironmental conditions prevail during this period of slow de­
velopment, reduced stands and yields may result. Yawalker and 
Schmid (72) found that the planting of mixtures containing 
some aggressive species resulted in low percentages of weeds 
and of weaker domestic species, whereas planting of only non-
aggressive species resulted in greater weed infestations. 
An important biotic factor influencing the performance of 
grass-legume mixtures is that of plant disease. When plantings 
of a single species are made, disease spread may be quite 
rapid. Carter and Ahlgren (8) found, during seasons of disease 
severity in Wisconsin, that damage was less severe when the 
plants were cut at the hay stage rather than at the pasture 
stage and when brome and alfalfa were seeded together rather 
than individually. Wilsie (70) has indicated that alfalfa 
stands become depleted with time, at least in part as a re­
sult of disease organisms. 
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Much of the incident rainfall, particularly from heavy 
rains, may be lost from backslopes before it penetrates the 
soil. It is probable that backslopes, with a degree of slope 
of 50 per cent, constitute a markedly xeric habitat for the 
establishment of seedlings, because of runoff and evaporation 
of water from the exposed soil surface. The generally great­
er growth of seedlings at the base of the slope is indirect 
evidence that quantity of soil moisture is one of the most 
important environmental factors influencing the success or 
failure of backslope seeding. 
The work of Chamblee, et al_. (11) in North Carolina indi­
cated a depression in percentage of white clover in a grass-
clover stand due to drought. Schwendiman, et al. (58), in 
Washington, found that the amount of rainfall in the establish­
ment year influenced both the yield of sweetclover-grass for­
age and the percentage of sweet clover. Low amounts of pre­
cipitation were more effective in reducing the yield of sweet-
clover than in decreasing that of grass, and establishment of 
sweetclover was low in dry years. The sweetclover, being bi­
ennial, was more dependent on adequate moisture than the 
perennial, adapted grasses. 
The effect of soil moisture on plant growth is often more 
conspicious in dry regions than in moist ones. Hobbs (28) 
studied the availability of moisture under alfalfa, brome-
grass, and small grains in Kansas. He found that four years 
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of alfalfa depleted soil moisture to eighteen feet beneath the 
soil surface, whereas two years of brome depleted the soil 
moisture to four feet. In contrast, the growing of cereal 
crops for the twelve years following the removal of alfalfa 
partially restored the soil moisture under conditions of more 
favorable precipitation. Furthermore, the alfalfa on ferti­
lized plots grew more profusely and depleted soil moisture 
more effectively than it did on non-fertilized plots. 
Woods, et _al. (71) studied the yielding ability and 
ground cover production of various grasses with regard to 
their use for forage and for erosion control. He classified 
these grasses according to their water requirements. He found 
that the fescues, smooth brome, intermediate wheatgrass, and 
timothy were low in productivity in dry seasons in Washington. 
The grasses that were least affected by the season were 
crested wheatgrass, tall oatgrass, orchard grass, and hard 
fescue, while those grasses producing satisfactory yields and 
good ground cover for erosion control were hard fescue, 
crested wheatgrass, orchard grass, intermediate wheatgrass, 
and pubescent wheatgrass. 
Robinson and Sprague (56) seeded clover in Kentucky blue-
grass sod at two levels of nitrogen fertilization, two levels 
of irrigation, and three clipping heights. The more severe 
the clipping of the grass, the greater was the establishment 
of the clover. Clover stands were poor on untreated plots and 
almost lacking on fertilized plots. Plots receiving both 
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water and nitrogen, however, produced good stands of clover, 
whether the grass was clipped or not. Competition from the 
sod increased with clipping height and fertilization. The ad­
dition of water, however, enhanced the establishment of clover, 
suggesting that competition for moisture by grasses may in­
hibit the establishment of clover seedlings. 
It has been widely reported that nitrogen fertilization 
greatly stimulates grass growth, usually inhibiting the de­
velopment of the associated legume (5}8,56). Many experiments 
have been performed in various locations with numerous species 
to determine the effect of levels of nitrogen fertilization on 
the yield of mixtures and their components. 
Wagner (67) found that nitrogen fertilized grass out-
yielded grass-ladino clover mixtures in the first cutting, but 
that the mixtures out-yielded the fertilized grass on the 
basis of the cumulative yield for four harvests per season. 
He found, from responses to nitrogen application rates of 0, 
80, 160, and 240 pounds per acre, that the 160 pound rate re­
sulted in the maximum dry matter yield for the grasses used. 
Chamblee, _et al. (11) obtained increases in grass yield 
but found no depression of white clover with nitrogen ferti­
lization in North Carolina. He also found that early nitrogen 
applications (March) were more effective than late ones 
(June), which is probably correlated with the periodicity of 
grass development. 
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Duller, et al. (7) seeded bromegrass in the fall in 
Pennsylvania, fertilizing it with nitrogen at rates of 0, 50, 
and 100 pounds per acre, applied either in the fall or in the 
spring. They concluded that the 50 pound rate of nitrogen 
was the best and that fall application was superior to spring 
application. 
Evans and VVilsie (17) grew bromegrass under two levels of 
fertility. They found that the number of panicles per plant 
was good under both conditions, but that vegetative growth 
was poor on the low fertility plots. Churchill (12) grew 
brome, alfalfa, and a mixture of the two in Michigan. He 
found that, after the first year's yield, bromegrass produced 
more heads per plot when grown with alfalfa than when grown 
alone, an indication of the ability of brome to deplete soil 
nutrients and of the beneficial effects of legumes in mix­
tures. Anderson, et al. (2) applied nitrogen at rates of 0, 
60, 100, 140, and 200 pounds per acre to bromegrass in Kansas. 
Maximum yield was obtained from the 100 pound rate in 1944 and 
the 140 pound rate in 1945. In subsequent years, however, 
maximum yields on these plots were obtained with maximum rates 
of nitrogen application, indicating that the residual effects 
of the high rates were important with time. 
Stitt, et al. (63) applied differential levels of nitrogen 
and phosphorus to a fourteen year old stand of crested wheat-
grass and sweetclover in Montana. Applications of nitrogen 
ranged from 0 through 200 pounds of phosphate, from 0 through 80 
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pounds per acre. He found that nitrogen applications in­
creased the yield of grass but depressed the sweetclover yield 
for as much as three years after fertilization, owing to loss 
of sweetclover seedlings in the fertilization year. Phos­
phorus applications resulted in increased survival of the 
legume seedlings, but had no appreciable effect on the grass 
component. 
Tesar, et .al. (64), in Michigan, found increases in stand 
size and vigor of seedlings of alfalfa and birdsfoot trefoil 
when both the seed and phosphorus fertilizer were applied in 
bands. Banding the fertilizer usually results in its maximum 
utilization by the desired seedlings and minimum utilization 
by weeds located between the rows. As a result, the establish­
ment of desired seedlings is enhanced, but the growth of weeds 
is not greatly stimulated, and they do not become highly com­
petitive. 
In an experiment in Rhode Island, Rich and Odland (53) 
found a reduction in legume percentage and in total hay yield 
of a grass-legume mixture after nitrogen fertilization. As 
potassium was added at the rates of 25, 50, and 100 pounds per 
acre, however, legume percentages increased from 2 to 3 to 50, 
and total hay yield increased from 1.17 to 1.63 to 3.08 tons 
per acre. It may be that addition of potassium resulted in 
decreased competition for this element between the grass and 
the legume and that much of the yield increase with potassium 
can be attributed to the legume. 
16 
Brown and Rouse (5) conducted studies on potassium ferti­
lization of dallisgrass and white clover in Alabama. They 
found that the grass removed more total potassium than did the 
clover on nitrogen fertilized plots, but not on check plots. 
Potassium fertilization resulted in a decrease in grass con­
tent and an increase in clover content of the herbage, but 
the total amount of potassium removed by the grass was not ap­
preciably altered. Nitrogen application increased total yield 
by increasing grass growth. Apparently, stimulation of grass 
growth by nitrogen increased its potassium uptake, and it is 
possible that grass competition for potassium, in cases of low 
potassium or low potassium relative to nitrogen, may limit the 
development of the legume component of a mixture. The ad­
dition of potassium in such cases apparently can increase both 
the legume yield and the total matter production of the 
mixture. 
The experiments of Chamblee and Laworn (10) in North 
Carolina involved varied proportions of alfalfa and grass in 
mixture. They found decreasing yields of alfalfa with in­
creasing rates of grass seeding and increasing alfalfa yields 
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with increasing rates of alfalfa seeding. Excess numbers of 
one kind of seedling reduced both growth and establishment of 
the other kind of seedling in the initial year. After four 
years, about ten per cent of the original alfalfa remained. 
The decrease in alfalfa with time was found to be greater at 
the greater rates of grass seeding. Fribourg and Kennedy (20) 
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found that alfalfa stands decreased by 50 per cent or more 
during the establishment season and first winter in New York, 
declining to one to five plants per square foot by the second 
season. They concluded that competition resulted in consider­
able mortality at the average rates of seeding. Initial es­
tablishment was directly dependent upon the seed rate, while 
final stand was probably governed by intra- and inter­
specific competition. 
Kalton and Wilsie (3D sowed bromegrass varieties at 
eight pounds per acre with alfalfa at rates of four and eight 
pounds per acre. They found no difference between these rates 
either in alfalfa yields, in percentage of the total dry 
weight, or in the total dry weight of the first cutting in the 
first two years. The regrowth beyond the first cutting was 
almost wholly composed of alfalfa. 
Wilsie (70) showed that brome-alfalfa mixtures produced 
no more dry matter than did alfalfa alone when the alfalfa was 
sown at a high rate. The mixtures were superior to alfalfa 
alone, after five years, however, when bacterial wilt had 
taken its toll of the alfalfa plants. Wilsie added that the 
per cent botanical composition is dependent upon the specific 
environmental conditions prevailing at the time of establish­
ment of the stand. The rate of grass seeding (0, 3, and 10 
pounds per acre) affected total yield only where incomplete 
stands of alfalfa were obtained. 
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Chamblee (9) found that alfalfa and various grasses pro­
duced less total yield when sown in alternate rows than when 
sown either broadcast or mixed in the row. Buller, et al. 
(7) obtained significantly greater grass yields by row seeding 
than by broadcasting, in an experiment with four grasses in 
Pennsylvania. The grasses produced greater seed yields at 
lower seeding rates, an indication of greater development of 
individual plants under less competitive conditions. Tesar, 
et al. (64), in experiments conducted in Michigan, found an 
increase in number and size of seedlings when legume seed was 
banded over fertilizer bands in contrast to broadcast seed and 
fertilizer. 
Frischknecht (21) investigated the establishment of six­
teen grasses planted in early fall, late fall, and spring in 
Utah. He found the best emergence from early fall planting, 
but higher mortality on the plots with greater emergence tend­
ed to equalize the resulting stands. The plants developing 
from fall seeding flowered following their first growing 
season, whereas the spring sown ones did not, indicating a 
greater development of fall sown grasses. Newell (46) grew 
brome seedlings in sand culture. He found that long days and 
high nitrogen resulted in the greatest dry weight yields, and 
that short days followed by long ones resulted in flowering 
of the plants. Similar response to photoperiod was found by 
Gardner (22). Frischknecht's results may, therefore, be a 
response to the fall photoperiod and not to time of seeding 
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oer se. 
Many mixtures of grasses and legumes have been used in 
different regions, according to the adaptations of the species 
involved. Even adapted species, however, cannot be expected 
to do well in years of abnormal environmental conditions, and 
seasonal variability of one or more important environmental 
factors is certainly to be expected. Yawalkar and Schmid (72) 
seeded birdsfoot trefoil alone, with bromegrass, and with 
bromegrass and alfalfa in Minnesota. As additional components 
were added to the mixture, the trefoil percentage decreased. 
The same was true of bromegrass and also of weeds. Chamblee 
(9) found differences in botanical composition of a mixture 
as a result of varying proportions of the components. He 
found that the decrease in alfalfa was proportional to the 
amount of grass sown with it. It appears that all of the 
plants in these experiments were competitive with each other, 
and that the increasing of one member of the population re­
sulted in a decrease of the other members. This is an indi­
cation that quantity of plants may be more important in early 
seedling stage competition than are differences in competitive 
ability of the individuals. 
In contrast to these results are those of Woods, et al. 
(71), who found no significant differences between hay yield 
from alfalfa and grass-alfalfa plots, although the grass con­
tent was as high as 35 per cent. 
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Competition from Small Grain Companion Crops 
The seeding of grasses and legumes with a cereal com­
panion crop has been an established practice for many years. 
There have been instances, however, in which the stand or 
yield of grasses and legumes has been diminished in as­
sociation with cereal species as implied by Flanagan and 
Washko (19) who said, "Whether such use of small grains is 
beneficial or harmful to legume seedling establishment is con­
troversial and obviously depends on many factors." 
Many investigations have been undertaken to determine the 
nature of the relationships between these two crops, usually 
with some regard to applying the resulting information to 
management practices to make greater control over these crops 
possible. The problem of how to manage cereal companion crops 
is not an easy one to solve, since there are many environmen­
tal factors and factor combinations affecting the plants in­
volved, and the environment in different locations and in dif­
ferent seasons can be quite varied. The investigations of 
companion crop effects on forage species have involved rate of 
seeding, spacing, and variety or species of the cereal, rate 
of fertilization, amount of soil moisture, and light inter­
ception. Since these investigations were undertaken in dif­
ferent regions, in different years, and with different soil 
types, the results are far from homogeneous. 
Since cereal species and varieties differ in genotype, in 
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yielding ability, in vegetative growth, and in other charac­
teristics, it is reasonable to assume that they might exert 
different effects upon the associated grass and legume seed­
lings, and that some varieties could be found which might be 
satisfactory for grain production and, at the same time, non-
detrimental to the associated seedlings. This assumption has 
been made by a number of workers (1,14,19,51,69) who have in­
vestigated such varietal effects. 
Pritchett (51) saw little difference in the value of 
three oat varieties as companion crops, based on stand counts 
and weight yields of bromegrass and alfalfa. He admitted, 
however, that there was little physical difference between 
these three, and that other varieties of different stature 
might bring about more satisfactory results as compared with 
these. His data were only from varieties of oats commonly 
planted in Iowa at that time (1947). Wheat (69) found sig­
nificant differences among varieties of oats in their effect 
on associated species at one location but not at a second, 
indicating the importance of location and its attendant en­
vironmental conditions. 
The effect of winter small grains (rye, barley, wheat, 
and oats) upon winter vetch was noted in New Jersey by Ahl-
gren, et al. (1). The per cent of vetch in the grain in the 
spring was closely related to winter hardiness of the grain 
and to the growth of the grain. Wherever the grain winter­
killed badly or was less vigorous, the vetch became 
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more abundant. This experiment indicates that the competi­
tive effect of the grain upon interplanted crops increases 
with stand and vegetative growth of the grain species. 
Correlation analyses conducted by Flanagan and Washko 
(19) indicated relationships between higher light readings 
within oat stands and (1) larger initial red clover popula­
tions and (2) lower mortality rate in red clover and alfalfa 
stands. Greater heights and numbers of tillers of oat plants 
were also related to greater stand losses of alfalfa and red 
clover. They found a significant multiple correlation coef­
ficient of .833, in correlating yield of grain and straw, num­
ber of stems per plant, and plant height of oat plants with 
degree of light intensity below the oat canopy. They con­
cluded from their study that intensity of reflected light under 
an oat stand is an important measure of the competitive ability 
of a variety, and that varieties which intercept the least 
light should be selected for use as companion crops. 
Two of seven oat varieties sown with red clover decreased 
the stand of clover (14) in an experiment in Illinois. Low 
and non-significant correlation coefficients were found, how­
ever, between oat yield and clover stand and between oat 
height and weight per clover plant. Varietal effects on com­
petition between interplanted crops were found to exist, but 
they seem to be the result of something more than the gross 
form of the companion crop alone. 
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One of the management techniques used in an attempt to 
decrease the competitiveness of a companion crop is to drill 
the kernels into the soil at abnormally wide row spacings. 
By planting the companion crop in this manner, one reduces its 
seeding rate and confines its competitive effect to a given 
area, at least temporarily. It seems quite reasonable that the 
same quantity of seed would produce a more competitive popu­
lation when broadcast than when seeded in rows, and that com­
petitiveness would decrease with increasing spacing. 
Spacing investigations (4,27,4-8,51,69) have been con­
ducted in widely separated geographic areas. Blackmon and 
Snell (4), working in New Jersey, found that wider spacing of 
oat drill-rows resulted in significantly greater stands of 
alfalfa. The oats were seeded at 9, 6.75, and 4.5 pecks per 
acre in seven-, alternate seven- and fourteen-, and fourteen-
inch row spacings, respectively. The yield of alfalfa forage 
increased with increasing row spacing of oats, but the differ­
ences were not statistically significant. These workers also 
investigated the establishment of spring-seeded red clover in 
winter wheat at the above row spacings. The red clover stand 
was found to increase with increasing row spacing of wheat, 
and a significant interaction between levels of applied nitro­
gen and width of row spacing was found to exist. 
Further evidence of row spacing interaction with other 
factors is seen in the work of Pendleton and Dungan (48) in 
Illinois. They found no differences in stands or yield of red 
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clover under oats at varied row spacings during two moist 
seasons. In a subsequent year with subnormal May precipi­
tation, however, stand and hay yield of the clover were pro­
portionately greater as the row spacing of oats was increased, 
approaching those of clover sown alone as a maximum. Harper 
(27), working with annual sweetclover or Korean lespedeza and 
oats in Oklahoma, found little difference between legume 
yields under varied row widths of oats in years with suffici­
ent rainfall, but he determined that the dry weight of legume 
hay from fourteen-inch row spacings of oats was twice that 
from seven-inch spacings in dry years. Harper also found that 
spring-seeded sweet clover in winter wheat resulted in good 
stands at fourteen- and sixteen-inch spacings of the wheat but 
very poor stands or complete failure at seven- and eight-inch 
spacings. The loss of wheat yield at the wide spacings was 
only one to two bushels per acre in this experiment. 
Wheat (69) found a twenty per cent increase in alfalfa 
stands at fourteen-inch oat row spacings over those at seven-
inch spacings in western Iowa. In another study in western 
Iowa (5D g broadcasting of oats resulted in poorer stands of 
forage species than did drilling, and stands were progress­
ively greater as oat row spacing was increased. Investigations 
by McClelland (37) in Arkansas have shown growth of clover in 
sixteen-inch alleys in small grain to be greater than between 
drill rows eight inches apart. 
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Although much of the work with spacing of cereal popu­
lations has indirectly involved variations in their rate of 
seeding, a number of investigations have also been conducted 
in which seed rate alone has been the variable. Most of the 
latter work (51,60,62,68) has involved comparisons of the per­
formance of grasses and legumes seeded alone and with a small 
grain at the usual sowing rate of the companion crop for the 
region. Other work (59,65), however, has included attempts to 
bridge the gap between these extremes by means of a graded 
series of rates. 
Bromegrass yielded 4 to 17 times more in dry weight of 
tops when it was sown alone than when it was sown with an oat 
companion crop in Pennsylvania (62). It was observed that the 
bromegrass also produced two to five times as many tillers 
when sown alone. It was concluded that the oat companion was 
definitely inhibitory to the growth of bromegrass seedlings. 
The companion crop also decreased the stand of bromegrass, but 
the stand difference was not a statistically significant one. 
Wengert (68) reported data from an experiment involving 
the sowing of 0 and 1.5 bushels of oats per acre with birdsfoot 
trefoil in Iowa. His measurements, taken in November of the 
establishment year, indicate that a fourteen-fold depression 
of trefoil yield resulted from the companion crop. A three­
fold difference was still, observable in the second year. 
Smith and co-workers (60) sowed oats, crimson clover, and a 
combination of the two, obtaining very low yields of clover 
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sown with oats. 
In contrast to the results of the preceding investiga­
tors, Pritchett (5D observed no differences in yield or 
stand of hay species in an experiment in western Iowa in which 
the oats were sown at 1 and at 3-5 bushels per acre. 
In Wisconsin, Smith, et al. (59) found that red clover 
stands were significantly but not severely reduced with in­
crease in oat seeding rate from one-half to three bushels per 
acre by half-bushel steps. Ingress of weeds in low oat rate 
plots may have decreased the magnitude of the differences be­
tween high and low rates of oats. Since oat populations were 
inversely supplemented by weeds, it is quite probable that the 
reduction in clover stand due to high oat populations might 
have been considerably greater had the plots remained free of 
weeds. 
Light has been singled out by many as one of the major 
factors in the competition between plants, particularly be­
tween plants of different stature. Light intensity is usually 
diminished beneath the taller plants by absorption or re­
flection, and the subordinate plants quite often exhibit a 
decrease in vigor and in rate of dry matter accumulation (52). 
The light relationship between a cereal crop and subordinate 
grass and legume seedlings is indeed one of this nature, with 
the tall, leafy, fast-developing cereal plants often excluding 
a large proportion of incident light. 
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Bula, et al. (6) measured seasonal distribution of light 
intensity beneath developing oat plants seeded at .5, 1, 1.5? 
2, 2.5j and 3 bushels per acre. Early season measurements 
indicated decreasing light intensities with increasing rates 
of seeding. This relationship was observed until late June 
or early July when light exclusion by weeds complemented that 
by oats. Since the dry weight of weeds per unit area was in­
versely proportional to the amount of oats seeded, and since 
the dry weight totals of weeds plus oats per plot were approxi­
mately equal for all seeding rates of oats, it is a reason­
able assumption that differences in light intensity might have 
persisted beneath the different oat populations had not the 
differential ingress of weeds equilibrated them. 
Flanagan and Washko (19), in their study of varietal 
differences, concluded that intensity of light under the 
small grain canopy provided some measure of the competitive 
ability of the grain crop. Lueck, et al,. (36) and Harper (27) 
suggest that depression of grass and legume seedlings, in 
their respective experiments, may have been in part due to de­
creased light intensities. 
Pritchett (51) found light intensities of 26 per cent of 
full sunlight beneath an oat canopy. He recorded light in­
tensities of 757, 4-22, 257, and 157 foot-candles under oats 
fertilized with 0, 20, 40, and 80 pounds of nitrogen per acre, 
respectively. Brome and alfalfa stands decreased with de­
creasing light intensity, as did the following year's hay 
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yield, indicating a positive correlation between degree of 
light exclusion and degree of stand failure. Pritchett ap­
plied artificial shading to brome-alfalfa plots which lacked 
oats and found that the associated yield reductions in the 
second year were comparable to those at corresponding light 
intensities under oats, indicating the importance of shading, 
regardless of its source. In another investigation (52), 
Pritchett and Nelson grew brome and alfalfa seedlings in the 
greenhouse under light intensities of 2833, 757, 422, 257, and 
157 foot-candles and nitrogen levels of 0 and 80 pounds per 
acre. They found that the ability of these plants to utilize 
nitrogen fertilizer diminished at decreasing light intensities, 
an indication that competition for nutrients by the roots of 
the companion crop may be of secondary importance at low light 
intensities. There was no response to 80 pounds of nitrogen 
per acre at light intensities below 422 foot-candles. Alfalfa 
nodulation decreased with decreasing light and failed at 257 
foot-candles and lower. Root growth decreased more rapidly 
than top-growth, and the root-top ratio of brome decreased 
from 2.12 to 0.37 grams between 2833 and 157 foot-candles. 
The marked decrease in weight of roots of both alfalfa and 
brome under low light intensities suggests that there may be 
a corresponding decrease in root activity per plant as shading 
from the grain canopy becomes intense and that the ability of 
these plants to compete for soil moisture may thereby be 
greatly reduced. 
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Another natural factor of importance in plant competi­
tion is soil moisture. Studies of cereal and grass-legume 
competition involving this factor are relatively few, and most 
conclusions concerning it are based on indirect measures such 
as quantity and seasonal distribution of rainfall. Smith, 
et al. (59) suggested that competition for soil moisture 
between oats and red clover appeared to be a major factor in 
the establishment of the latter. Their conclusion is based 
on the fact that greater effects of oat seeding rates were 
noted on dry, sandy soils than on more moist soils of heavy 
texture. The results were not conclusive, however, since 
the variable was soil type, not soil moisture alone. Lueck 
et al. (36) concluded that competition from small grains is 
greatest for water in dry seasons, since he noted no effects 
of competition in moist ones. He observed that competition 
for moisture was a major factor in causing a decrease or 
failure in red clover seeded with oats in dry seasons. 
Moore and Graber (41) determined that an average oat crop 
requires 600 to 900 tons of water per acre per year, and that 
most of it is transpired in the relatively short period 
during the development and maturation of the grain. The 
implication follows that maximum water usage and maximum 
shading by the oats are concurrent and may interact in inhi­
biting the development of the associated seedlings. The 
relationship between corn and grass-legume intercrops were 
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studied in Illinois (33). It was found that the intercrop 
competed markedly with corn on the control plots, but that 
high corn yields occurred, despite dense intercrop growth, 
when sufficient water and 250 pounds of nitrogen per acre 
were applied. 
Wengert (68) found that the depression of birdsfoot tre­
foil in association with oats was magnified during dry 
seasons. Harper (27), working with other legumes, also found 
this to be true. Measurements by Pritchett (51) indicate that 
heavily-fertilized oats may deplete soil moisture to the wilt­
ing percentage at harvest time in the dry periods. Gilbert 
(23) and Pritchett and Nelson (52) have shown that exposure 
of the grass-legume seedlings after removal of the companion 
crop results in additional mortality of the seedlings. 
The application of fertilizer elements at various levels 
has been one of the more widely used approaches to the study 
of the competitive effect of companion crops. Most of these 
studies have involved responses to nitrogen treatments, al­
though some work has also been done on the effects of phos­
phorus and of potassium. 
Blackmon and Snell (4) found that the application of 
thirty pounds of nitrogen per acre to plots of red clover and 
winter wheat significantly depressed both stand and growth of 
the clover seedlings. 
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Nelson, et. al. (4-5) investigated the interaction of 
nitrogen fertilization and oats upon the yield of hay by for­
age species. Their test was a rather rigid one, since the 
development of the forage species was not measured until the 
year subsequent to their establishment, thereby permitting re­
covery. It was found that the addition of twenty pounds of 
nitrogen per acre resulted in no important change in the first 
hay yield. The application of forty pounds of nitrogen per 
acre, however, resulted in a significant hay yield depression 
of fourteen per cent at five of nine locations and non­
significant decreases on the remainder. Had the establish­
ment year yields been taken, more of the locations might have 
exhibited this trend. These workers also found that addition 
of phosphorus and potassium did not minimize the depression 
due to nitrogen addition. On the contrary, phosphorus ad­
dition increased the hay yield depression due to nitrogen ad­
dition. Potassium had no apparent effect in these locations. 
It was concluded that lack of nitrogen severely limits oat 
production and that phosphorus addition to low phosphorus 
soils increased the response to nitrogen. Depression of the 
hay crop occurred when relatively high rates of nitrogen were 
applied. 
Wheat (69) found a significant increase in alfalfa stand 
with the application of 20 pounds of nitrogen per acre to 
alfalfa with oats, but the stand of alfalfa was significantly 
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reduced at 40 and 60 pounds of nitrogen per acre. The stand 
decrease between treatments of 20 and 40 pounds was approxi­
mately 25 per cent. 
Extensive field and greenhouse studies were made by 
Pritchett (5D who measured stands of forage species after oat 
harvest and yields of these in the year following their es­
tablishment in Iowa. Oats were sown at three bushels per acre, 
and 0, 20, 40, and 80 pounds of nitrogen per acre constituted 
the fertilizer ratés applied. The results showed that stands 
of legumes, grasses, and mixtures of the two decreased as 
nitrogen fertility increased. Hay yields in the year following 
seeding were significantly reduced in 50 per cent of the 
tests. Pritchett also applied each of the above nitrogen 
levels to plots with 0, 20, 40, and 80 pounds of P^O^ per 
acre. His data indicated that the differences in alfalfa 
yield due to increasing levels of nitrogen were intensified 
by increasing P2O5 levels. The actual yields were higher with 
added P^O^, but the relative depression between nitrogen levels 
was accentuated by P2O5 addition. 
The effect of varied levels of phosphorus fertilizer on 
oats and alfalfa was also measured by Larson, et al.. (35). 
Although the levels of P2O5 application ranged from 0 to 240 
pounds per acre on phosphorus deficient soils, no differences 
in alfalfa hay yield due to oat yield were observed. It is 
apparent that measurement of alfalfa stand or yield in the 
establishment year and measurement of gross oat yield (rather 
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than grain alone) might have provided significant correlations. 
The data of Hunziker (29) also indicated no depression in hay-
yield due to phosphate fertilization of oats. Plots on each 
of two soil types exhibited increases in yield of alfalfa hay 
with increases in P2O5 from 0 to 240 pounds per acre. 
It has been demonstrated that weeds are detrimental to 
the grass-legume seedlings in seasons of ample rainfall if 
cereal companion crops are not used. The work of Wengert (68) 
indicated that weeds, like birdsfoot trefoil, were inhibited 
by competition from an oat companion crop. Gilbert (23) re­
ported that weeds exert a competitive effect during the period 
following companion crop removal, thereby adding to the effect 
of the companion crop. 
It is often stated that companion crops are sown with 
grasses and legumes as a weed control measure, but it has been 
shown in many studies that quite often they exercise an un-
desired control over the desirable species as well. Highway 
backslopes are usually different from farm land, however, in 
that the subsoil of relatively deep cuts is lacking in weed 
seeds, whereas the surface layers often have large numbers of 
them. Management practices can therefore be applied to the 
companion crop without concern over weed control. 
Controlling companion crop competition is a widely-
discussed topic. Omitting the companion crop is, of course, 
the strictest possible control, but, in many instances, this 
may not be a sound procedure, economically or otherwise. 
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Sowing oats in wide drill rows has been shown to be beneficial 
to the grasses and legumes, at least in dry seasons. Phos­
phorus fertilization has intensified the differences in re­
sponse between low and high nitrogen applications, but it has, 
for the most part, been beneficial in absolute terms. Nitro­
gen fertilization can be minimized, thereby reducing the vigor 
and competitiveness of the companion crop, but the nitrogen 
application may be necessary to the forage species. Pritchett 
(5D has shown that the competition resulting from nitrogen 
fertilization can be lessened by delaying the application of 
the nitrogen for one to five weeks after seeding. He was able 
to achieve normal oat yields while reducing the oat competition 
normally induced by nitrogen application. His data indicate 
that the longer the application was delayed, the lower the 
hay yield depression became. Reducing the seeding rates of 
cereals somtimes has the desired effect, but weed growth or 
excessive tillering of the cereal sometimes compensates for 
the reduced cereal stand. 
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MATERIALS AND METHODS 
General 
Field and greenhouse experiments involving rates of seed­
ing, composition of seed mixtures, effects of companion crops, 
and levels of fertility were established and evaluated during 
1954-, 1955, and 1956. Several experiments on seed rates and 
mixtures, which were initated in 1950, were further evaluated 
during 1954- and 1955 to determine the development of the re­
sulting populations with time. With the exception of these 
field experiments initiated by McDill in 1950, which were 
sampled on exposed A and B horizons of relatively shallow cuts, 
the field experiments were located on raw subsoil of apparent 
infertility and heavy texture exposed at the bases of back-
slopes. 
Each field experiment was replicated in complete blocks 
consisting of a single row of experimental units, located 
parallel to the road along the base of the backslope. The ex­
perimental units, which varied in size in the different ex­
periments, were oriented in an up-down direction on the slope. 
The degree of slope in all field experiments was 50 per cent. 
A basal strip about two meters in width was discarded in each 
case to place the experimental units sufficiently far from the 
drainage channel at the base of the slope to eliminate the ef­
fect of abnormal soil moisture conditions that might exist 
there. Only the basal portion of each experimental unit was 
sampled, in all but the 1950 experiments, in an attempt to 
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avoid the horizontal variation of the upper part of the slopes. 
A strip one meter in width was excluded from sampling to 
eliminate border effects. Long narrow sampling units were 
chosen, with the exception of experiments I, V, and VI, and . 
these were oriented in an up-down direction on the slope to 
include natural horizontal variation within the sub-samples 
and to decrease the variation among them. 
The till subsoil in experiments II and VII was analyzed 
by the Soil Testing Laboratory of Iowa State College, and it 
was found that this material had virtually no available phos­
phorus or nitrifiable nitrogen. The quantity of available 
potassium, however, was approximately 200 pounds per acre. 
Where nutrients were applied, the nutrient sources were 
prilled ammonium nitrate, containing 33.3 per cent nitrogen, 
prilled superphosphate, containing 20 per cent P20^, and 
granular potassium chloride, containing 60 per cent K20. 
The samples of fresh plant material collected in green­
house experiments were air-dried, dried in a 100°C. oven for 
48 hours, and then weighed. Field samples of fresh material 
were allowed to become air-dried, and their weights were then 
determined. Four samples of each kind of plant material were 
oven-dried, and the moisture loss was determined. The values 
were averaged and this correction factor was used to convert 
the air-dry values for the remaining samples to oven-dry 
values. Nearly all of the field samples were too bulky for 
individual oven-drying. 
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In all the field experiments, the slopes were disked and 
then seeded with a companion species. They were then culti-
packed, the seed mixtures were broadcast on the appropriate 
plots, and the seedbed was again rolled. The slopes were then 
mulched, either by hand or by means of a mulchblower, at the 
rate of two tons of straw per acre. Nutrient treatments were 
later applied over the surface by broadcasting. Legume seed 
was inoculated with the appropriate inoculum just prior to 
seeding. 
Statistical analyses were performed according to the 
methods presented by Snedecor (61) and Cochran and Cox (13). 
Non-orthogonal single degree of freedom comparisons were per­
formed in some of the experiments according to the method out­
lined by Snedecor. Orthogonality could have been maintained, 
but it was not consistent with the desired comparisons. Non-
significance is indicated by n.s., significance at the .05 
level by s., and significance at the .01 level by h.s. in the 
analysis of variance tables. 
Experiment I. Seeding Mixtures and Rates 
Design 
Two locations, one in northwest Iowa and one in southeast 
Iowa, were chosen as experimental areas. Four replications of 
the basic design were planted on state highway 18 five miles 
south of Inwood on May 15, 1950, on a single west-facing 
slope. Two replications were planted on state highway 103, 
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four miles west of West Point on May 18, 1950, on opposite 
north- and south-facing slopes. Other replications were 
planted in both areas, but these were not later evaluated due 
to disturbance by man or nature. 
A randomized complete block design was used, with experi­
mental units measuring one rod in width, and extending to the 
top of the slope. Combinations of two mixtures of seed, 
designated as H and C (Highway and Complete), and four rates 
of seeding made up the treatments. Rate 4 of each of the mix­
tures is given in Table 1. Rates 1, 16, and 64 were 1/4-, 4-, 
Table 1. Rate 4-'of the Highway and Complete seed mixtures, 
expressed in quantities of clean, viable seed per 
unit area. 
Highway mixture Complete mixture 
Pounds Computed no. Pounds Computed no. 
Species per acre of seeds per of seeds 
per 1/16 acre per 1/16 
milacre milacre 
Bromegrass 14. 14 119. 26 2. 50 4. 24 
Alfalfa 4. 71 66. 71 3. 75 68. 07 
Alsike clover 1. 89 80. 33 1. 25 14. 16 
Red clover 2. 83 47. 65 1. 50 77. 61 
Kentucky bluegrass — — — — 0. 50 53. 10 
Alta fescue — • — — 1. 00 53. 10 
Redtop — 0. 25 25. 32 
23. 57 313. 95 10. 75 312. 60 
and 16-times this basic rate, respectively. Obviously, the 
seeding rate of the C mixture is less than that of H in terms 
of pounds of clean, viable seed per acre. These two mixtures 
were, however, made equivalent with respect to the number of 
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clean viable seed applied per unit area. The amount of brome­
grass at the 64 rate of H mixture seemed so excessive that it 
was reduced to one-half prior to seeding. The H mixture is 
one that has been in use in backslope seeding in Iowa. The C 
mixture is similar to H with the exception of added alta fes­
cue, redtop, and Kentucky bluegrass, as indicated in Table 1. 
Evaluation 
Stand counts of each species per 1/16 milacre quadrat 
were made in 1950 by John Oliver, in 1951 and 1952 by Robert 
McDill, and in 1954 and 1955 by the writer on the dates listed 
in Table 2. An extensive account of the sampling method has 
been given by McDill (39). Since the slopes were relatively 
shallow, stand counts were made on A and B horizons. Three 
randomly-selected 1/16 milacre quadrats were evaluated in each 
horizon of each experimental unit by the count-list method. 
These were permanently marked in 1950, and the same quadrats 
were again sampled at each subsequent evaluation date. 
Table 2. Dates of evaluation of experiment I over a six year 
period. 
Evaluation number Evaluation dates 
Inwood location West Point location 
1 July 10, 1950 September 19, 1950 
2 June 20, 1951 June 27, 1951 
3 June 18, 1952 June 28, 1952 
4 June 29, 1954 August 10, 1954 
5 July 5, 1955 July 27, 1955 
Experiment II. Seeding Mixtures and Nutrient Levels 
Design 
The experimental area consisted of three west-facing 
backslopes in southern Iowa, approximately two miles north of 
Davis City on U. S. highway 69. The slopes, about one-half 
mile apart, were composed of oxidized but unleached Kansan till% 
with the exception of the superficial layers which were varied 
in texture, structure, and origin. 
The treatments included five seeding mixtures, and two 
levels of nutrients (Table 3) which were applied to the slopes 
on April 12, 1954-. 
Table 3. Seed mixtures and rates of seeding used in experi­
ment II in terms of clean, viable seed. 
Treatment number Seed mixtures Pounds of seed 
per acre 
1 Timothy 4 
Birdsfoot trefoil 6 
2a Intermediate wheatgrass 8 
Ranger alfalfa 8 
3a Little bluestem 8 
Vernal alfalfa , 8 
4a Bluestem mixture 10 
Ranger alfalfa 8 
5 Lincoln Bromegrass 8 
Nomad alfalfa 8 
aWith and without 60 pounds of N and 120 pounds of P2O5 
applied per acre. 
^As indicated in 1954- price list of Miller Seed Company, 
Lincoln, Nebraska. 
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The eight treatment combinations were applied to adjacent 
experimental units one rod in width in a randomized complete 
block design having five replications. There were two blocks 
on slope one, one on slope two, and two on slope three, the 
slopes averaging 47, 83, and 58 feet in height, respectively. 
Evaluation 
The treatments were evaluated on June 23, 1955 by re­
cording the number of plants and the number of stems (exceed­
ing 10 cm. in height) of each species per randomly located sub-
sample. The sub-samples measured 1.65 by 6.6 feet and were 
oriented up and down the slope, since it was felt that most of 
the natural variation occurred parallel to the topography. 
Three such sub-samples were counted in each experimental unit. 
Counts were again made on July 19, 1956, according to the above 
procedure. Yields of vegetative material were taken from these 
sub-samples on June 24, 1956, and the oven-dry weights of these 
were subsequently determined. 
Experiment III. Seeding Mixtures and Nutrient Levels 
Design 
Ten seed mixtures and two nutrient levels (Table 4) were 
applied to experimental units on three slopes, located in cen­
tral Iowa approximately two miles west of Le Grand on U. S. 
highway 30, and to four slopes, in the vicinity of Commerce on 
U. S. highway 69. Three replications, one on a flat borrow, 
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one on a south-facing slope, and one on a north-facing slope, 
were established in the Le Grand vicinity (Location A) April 
23, 1955, on subsoil that appeared to be glacial till. 
Table 4. Seed mixtures and rates of seeding used in experi­
ment III in terms of clean, viable seed. 
Mixture number Species Pounds of seed 
per acre 
1 Vernal alfalfa 8 
Lincoln bromegrass 8 
2 Vernal alfalfa 8 
Intermediate wheatgrass 8 
3 Vernal alfalfa 8 
Alta fescue 8 
4 Vernal alfalfa 8 
Timothy + creeping red fescue 2 + 4  
5 Vernal alfalfa 8 
Bluestem mixture 8 
6 Yellow sweetclover 8 
Lincoln bromegrass 8 
7 Birdsfoot trefoil 3 
8 
Lincoln bromegrass 4 
Hairy vetch + crown vetch 2 + 6 
Lincoln bromegrass 8 
9 Lincoln bromegrass 16 
10 Ranger alfalfa 8 
Lincoln bromegrass 8 
Three replications were established in the Commerce area 
(location B) on two one-rod high slopes of loess on April 30, 
1955. Two of these replicates faced north and one south. 
Four other blocks were located in pairs on two opposite, north-
and south-facing slopes of glacial till approximately two miles 
east of the previous ones (location C). Of these, the north-
facing slope was four rods in height at mid-point, and the 
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and the south-facing slope was five rods. 
The seed mixtures were applied as whole-plot treatments 
and the two nutrient levels (no nutrients versus 80 pounds each 
of N and P and 40 pounds of K per acre) as sub-plot treatments 
in a randomized complete block design. The whole-plots, which 
were one rod wide, were split to give sub-plots one-half rod 
in width. The upper horizons were omitted from the experiment, 
and only the lower till portion of the slopes was utilized. 
Evaluation 
Replications in the Le Grand and Commerce areas were 
evaluated on October 1, and October 8, 1955, respectively, by 
the estimation of per cent cover on each of three 1/4 milacre 
sub-samples per sub-plot. The sub-samples were randomly 
located in the basal 1/2 by 1/2-rod area of each sub-plot and 
oriented in an up-down direction. On October 8, 1955, samples 
of the oat companion crop were randomly taken from sub-plots 
in both areas, and the oven-dry weights of these samples were 
determined. 
On June 30, 1956, plant and stem counts were taken in 
both areas from 20- by 77-5-inch sub-samples which were 1/4 of 
a milacre in area. Two such sub-samples were randomly taken 
from the lower part of each sub-plot. In the Le Grand area, 
on June 27, 1956, weight yields were obtained from one hori­
zontal 4.5- by 8.25-foot swath from each sub-plot, after the 
area had been accidentally mowed by employees of the highway 
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commission. Weight yields were taken, in the Commerce area, 
from each of the 1/4 milacre sub-samples that were counted, 
after they had been clipped with a portable "Scythette" mower 
having a twenty-inch cutting bar. 
Experiment IV. Seeding Rates and Nutrient Levels 
Design 
The experiment was located on two slopes of glacial till 
on the northeast corner of the junction of U. S. highway 6 and 
63, east of Grinnell. One slope faced west, and the other, 
south. Twenty treatment combinations were applied in a random­
ized complete block design, with each block consisting of a 
linear series of experimental units. The experimental units 
ran up the slope for 16.5 feet and were 8.25 feet in width. 
There were four replications of the basic design, two on each 
of the slopes. 
Winter rye was uniformly seeded as a nurse crop over the 
plots at the rate of two bushels per acre in place of oats, 
and the experiment was initiated on August 30, 1955. Five 
rates of seeding (Table 5) and four rates of nutrients (Table 
6) were used in all possible combinations. The nutrients were 
applied on September 25, 1955. Since few legume seedlings 
survived the winter, it is reasonable to consider only the 
seed rates of the bromegrass component of the mixture. 
45 
Table 5. Rates of seed applied in combination with nutrient 
levels in experiment IV, in terms of clean, viable 
seed per acre. 
Species Rates of seeding in oounds oer acre 
1 2 3 4 5 
Bromegrass 3.75 7.5 15 30 60 
Alfalfa 1.25 2.5 5 10 20 
Red clover 0.75 1.5 3 6 12 
Alsike clover 0.50 i.o 2 4 8 
Table 6. Rates of nutrient elements applied per acre in com­
bination with the seed rates in experiment IV. 
Rate number 
nutrients 
Pounds of N 
per acre 
Pounds of P 
per acre 
Pounds of K 
per acre 
1 0 0 0 
2 75 75 75 
3 150 150 150 
4 300 300 300 
Evaluation 
Two random sub-samples, each 20- by 77.5-inches, were 
evaluated on each experimental unit. The rye was harvested 
on July 14, 1956, and its total dry matter yield per 1/4 mil-
acre sub-sample was determined. Since the bromegrass plants 
were still quite small on August 30, 1956, only the number of 
such plants on each of the sub-samples was determined. 
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Experiment V. Native Grass Mixtures 
Design 
The experimental area was located in western Iowa, three 
miles northwest of Dunlap on state highway 37 on slopes of 
loess parent material. Four replications of a randomized 
complete block design of mixtures 1 through 4 (Table 7) were 
seeded on June 2, 1955, with two replications on each of two 
northwest-facing slopes. Two replications of mixture 5 and 
one of 6 were seeded on a small slope adjacent to the two 
previously referred to. The experimental units were one hun­
dred feet wide and extended to the top of the slope. 
Table 7. Seeding rates of experiment V in terms of pounds 
of clean, viable seed per acre. 
Mixture Species Pounds of seed 
number per acre 
1 Bluestem mixture 8 
2 Bluestem mixture 4 
Sideoats grama 1 
Switchgrass 3 
3 Intermediate wheatgrass 14 
4 Crested wheatgrass 10 
Creeping red fescue 5.3 
5 Little bluestem mixture 8 
6 Little bluestem mixture 6 
Sideoats grama 1 
47 
Evaluation 
The treatments were evaluated by a combination of count-
list and basal area-list methods. Five random 1/16 milacre 
quadrats per experimental unit constituted the sub-samples. 
The total number and total basal area of the clumps of each 
species per 1/16 milacre were determined. 
Experiment VI. Hydroseeder Trials 
Design 
An area of 1.72 acres in central Iowa, on a county road 
1/4 mile south of Fraser, was seeded and fertilized by a Finn 
hydroseeder and mulched by a Finn mulch blower on May 25, 1956. 
The seeded area consisted of a pair of steep, opposite, east-
and west-facing backslopes having subsoil of a gray-brown, 
heavy-textured till with water-deposited layers overlying it. 
The nutrient application was 45 pounds of N and 70 pounds of 
P2O5 per acre, and the seed kinds and quantities are listed in 
Table 8. The objective of this trial was to find which of the 
species were best able to survive and develop under the pre­
vailing environmental conditions, that the promising ones 
might be further tested in the future. 
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Table 8. Seeding rates in terms of clean, viable seed per 
acre applied to.slopes by a Finn hydroseeder in 
experiment VI. 
Species Pounds per acre Number of seeds 
per square foot 
Grimm alfalfa 5. 00 25.0 
Ranger alfalfa 5. 00 25.0 
Lincoln bromegrass 5. 32 15.0 
Intermediate wheatgrass 2. 96 7.5 
Crested wheatgrass 1. 71 7.5 
Alta fescue 1. 59 7-5 
Creeping red fescue 0. 60 7.5 
Timothy 0. 63 15.0 
Orchard grass 1. 10 15.0 
Switchgrass 1. 96 15.0 
Sand dropseed 0. 74 30.0 
Total 25. 87 170.0 
Evaluation 
A flat area interrupting each of the two slopes was chosen 
for the sampling area on August 16, 1956. Twenty-five randomly 
chosen 1/16 milacre count-list quadrats were evaluated on each 
slope. Clump diameter was also recorded for each plant en­
countered. 
Experiment VII. Companion Crop Populations and 
Nutrient Levels 
Design 
Kansan till subsoil from the location in experiment II in 
southern Iowa was chosen as a substrate. This was dried, 
broken up in a soil shredder, passed through a 3/8-inch mesh 
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screen, and measured by volume into crocks of one gallon capa­
city in a greenhouse. The drains were plugged with cork stop­
pers to prevent drainage of water and nutrients. The dry soil 
filled the crocks to within three-fourths of an inch of the 
rims, on the average. The quantities of oats, alfalfa, brome 
and nutrients were determined by calculating the surface area 
of the soil as a fraction of an acre and applying this fraction 
of the acre-quantity to each. Tne nutrients were pulverized, 
and the amount for each crock was weighed out on an analytical 
balance. These portions were sprinkled uniformly on the soil 
surface during the filling of the crocks, leaving the nutrient 
compounds an inch below the final soil level. The seed was 
scattered on the soil surface and covered lightly with soil, 
after which the soil was amply watered. The soil was usually 
watered every second day, at the time that the soil mass had 
begun to contract and shrink away from the crock. Water was 
applied until the soil surface was covered to a 1/4 inch 
depth. This amount of water soaked readily into the soil, and 
no water-logging occurred. 
The experimental units were arranged in a completely ran­
domized design with five replications. Four oat rates (Table 
9) and five rates of 10-20-10 fertilizer (Table 10) were used, 
giving twenty treatment combinations. Ranger alfalfa and 
Lincoln bromegrass were seeded at a rate equivalent to fifteen 
pounds of brome and ten pounds of alfalfa per acre, which 
amounts to rate 2 of the Highway mixture with alfalfa 
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Table 9. Populations of oats used in combination with the 
levels of nutrients in a greenhouse experiment (VII) 
with an alfalfa-bromegrass mixture on Kansan till. 
Population number Plants per crock Bushels per acre 
1 0 0.00 
2 3 0.75 
3 6 1.50 
4 12 3.00 
Table 10. Levels of nutrients used in combination with the 
oat populations in experiment VII. 
Nutrient Grams Grams Grams total Pounds 
level 10-10-10 0-45-0 per crock 10-20-10 
number per crock per crock per acre 
1 0.000 0.000 0.000 0 
2 1.004 0.223 1.227 375 
3 2.008 0.446 2.454 75o 
4 4.017 0.893 4.910 1500 
5 8.034 1.785 9.819 3000 
substituted for the f ive pounds of red and alsike clover. 
Eight three-hundred watt bulbs were suspended over the 
crocks in such a manner as to make each one approximately equi 
distant from each of the crocks in its vicinity. These lights 
were raised as the plants grew. An automatic timing switch 
was set to turn the lights off at 10 P.M. and on at 6 A.M. to 
supplement natural light and to provide a long photoperiod. 
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Evaluation 
The plants were harvested on March 1, 1956, and again on 
May 23, 1956, by clipping at soil-level. The first harvest 
was to determine the effect of oat-nutrient combinations upon 
the bromegrass and alfalfa. The second harvest included the 
carry-over effect of the first growing period plus the residu­
al effect of the nutrients. The species from each crock were 
individually harvested on each date, to determine the effects 
of the treatments on each component of the mixture. The num­
ber of stems exceeding four inches in height including 
leaves, and the oven-dry weight per crock were determined 
for each species. 
52 
RESULTS 
Experiment I 
Stand counts were obtained yearly from the establishment 
year of 1950 through 1955, with the exception of 1953. Stands 
of plants per 1/16 milacre were determined for each species 
seeded. Since the three additional grasses (Kentucky bluegrass;, 
alta fescue, and redtop) of the Complete mixture contributed 
little to the total stands beyond the first few years, these 
are combined under the title of "grasses" in the tables. The 
data from locations in northwest and southeast Iowa are in­
cluded in Tables 4-6 through 55 in the appendix. Stand count 
data on the development of legume, grass, and total popu­
lations with time in northwest Iowa are presented in Table 11 
and the analyses of these data in Tables 12 through 17. The 
botanical names associated with the common names used herein 
are listed in Table 56. 
The maximum stand in the establishment year (1950) was 
not attained within the range of seeding rates used, according 
to the apparent slope of the curve (Figure 1). Stands re­
sulting from the three lowest seeding rates increased with 
time, but the stand from the highest rate decreased after the 
initial season. Total populations approached equilibrium 
values of approximately 139 (H mixture) and 121 (C mixture) 
plants per 1/16 milacre with time, based on the highest rate 
(Table 11). The rate of increase (chiefly vegetative) 
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Table 11. Legume (L), grass (G), and total (L*G) plant counts 
per 1/16 milacre with time at rates 1, 4, 16, and 
64 of two seed mixtures (H and C), averages of 24 
quadrats in four replications of experiment I in 
northwest Iowa. 
Sampling year Stand Relative seeding rates 
and seed mixture fraction I 4 To E>4 
Highway mixtures 
1950 L 7.9 34.5 65.2 121.9 
G 2.5 12.2 22.4 21.2 
L + G 10.4 46.7 87.6 143.1 
1951 L 8.0 22.3 48.0 68.1 
G 8.4 23.2 56.5 7 2.6 
L + G 16.4 45- 5 104.5 140.7 
1952 L 8.6 19.1 29.0 39.1 
G 30.8 64.1 91.1 102.5 
L + G 39.4 83.2 120.1 141.6 
1954 L 4.4 5.1 7.6 7.9 
G 78.5 97.8 108.9 130.7 
L + G 82.9 102.9 116.5 138.6 
1955 L 4.7 4. 5 6.7 6.3 
G 96.6 109.4 117.4 131.7 
L + G 101.3 113.9 124.1 138.0 
Complete mixture 
1950 L 7.9 2 5.6 57.2 118.6 
G 0.9 5.1 14.4 44.9 
L + G 8.8 30.7 71.6 163.5 
1951 L 9.5 17.6 48.1 58.1 
G 3.5 9.0 27.3 58.0 
L + G 13.0 26.6 75.4 116.1 
1952 L 8.0 17.4 31.1 31.3 
G 9.0 32.7 61.4 93.9 
1954 
L + G 17.0 50.1 92.5 125.2 
L 3.8 5.4 7.0 7.0 
G 66.1 86.8 102.1 106.4 
1955 
L + G 69.9 92.2 109.1 113.4 
L 2-5 4.3 7.6 7.1 G 88.4 108.3 113.6 117.8 
L + G 90.9 112.6 121.2 124.9 
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Table 12. Analysis of variance of total stand counts in 
experiment I in northwestern Iowa. 
Source of variation D.F. Mean square 
Blocks 3 12,159.87 n. s. 
Treatments 7 170,338.12 h. s. 
Seed mixtures 1 
Rates of seeding 3 
Mixtures x rates 3 
45,774.62 
381,466.36 
731.04 
s. 
h. 
n. 
s. 
s. 
Blocks x treatments 21 6,338.42 
Soil horizons 1 6,536.48 n. s. 
Blocks x horizons 3 9,945.37 
Treatments x horizons 7 10,067.69 n. s. 
Blocks x treatments x horizons 21 4,356.77 
Years 4 87,871.93 h. s. 
Block x years 12 2,288.56 
Treatments x years 28 9,713.43 h. s. 
Blocks x treatments x years 84 1,243.65 
Horizons x years 4 27,314.81 h. s. 
Blocks x horizons x years 12 1,396.40 
Treatments x horizons x years 28 2,311.60 h. 5. 
Blocks x treatments x horizons x 
years 84 1,098.04 
Subsamples per experimental unit 640 622.83 
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Table 13. Analysis of variance of grass stand .counts in 
experiment I in northwest Iowa. 
Source of variation D.F. Mean square 
Blocks 3 4,994.50 n. s. 
Treatments 7 55,930.90 h. s. 
Seed mixtures 1 
Rates of seeding 3 
Mixtures x rates 3 
31,556.27 
119,080.51 
906.16 
h. 
h. 
n. 
s. 
s. 
5. 
Blocks x treatments 21 3,098.50 
Horizons 1 14,183.44 n. S. 
Block x horizons 3 5,207.84 
Treatments x horizons 7 13,632.83 h. S. 
Blocks x treatments x horizons 21 2,691.62 
Years 4 324,389.05 h. S. 
Blocks x years 12 1,710.95 
Treatment x years 28 3,849.09 h. S. 
Blocks x treatments x years 84 794.34 
Horizons x years 4 32,722.19 h. s. 
Blocks x horizons x years 12 1,038.40 
Treatments x horizons x years 28 2,288.10 h. s. 
Blocks x treatments x horizons x 
years 84 698.28 
Subsamples per experimental unit 640 431.71 
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Table 14. Analysis of variance of legume stand counts in 
experiment I in northwest Iowa. 
Source of variation D.F. Mean square 
Blocks 3 1,628.28 n. s. 
Treatments 7 32,243.30 h. s. 
Seed mixtures 1 
Rates of seeding 3 
Mixtures x rates 3 
1,341.90 
74,623.28 
163.70 
n. 
h. 
n. 
s. 
s. 
s. 
Blocks x treatments 21 601.53 
Soil horizons 1 1,438.15 n. s. 
Blocks x horizons 3 786.98 
Treatments x horizons 3 1,025.85 n. s. 
Blocks x horizons x treatments 21 1,033.99 
Years 4 83,565.61 h. s. 
Blocks x years 12 459.24 
Treatment x years 28 8,365.32 h. s. 
Blocks x treatments x years 84 347.69 
Horizons x years 4 3,327.79 h. s. 
Blocks x horizons x years 12 384.06 
Treatments x horizons x years 28 492.16 h. s. 
Blocks x treatments x horizons 
x years 84 215.42 
Subsampies per experimental unit 640 132.63 
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Table 15. Analysis of variance of total stand counts in 
experiment I giving single degree of freedom 
comparisons between years. 
Source of variation Mean square 
Northwest Iowa 
1950 vs. 1951 
1951 VS. 1952 
1952 VS. 1954 
1954 vs. 1955 
Error (d.f. 12) 
Southeast Iowa 
1950 vs. 1951 
1951 VS. 1952 
1952 vs. 1954 
1954 vs. 1955 
Error (d.f. 4) 
600.00 n.s. 
25.366.25 h.s. 
38.600.26 h.s. 
15,759.38 s. 
2,288.56 
90,835.51 s. 
37,307.88 n.s. 
4,711.00 n.s. 
4,030.04 n.s. 
6,392.10 
Table 16. Net per cent returns for the three years following 
establishment in experiment I based on total stand 
counts. 
Mixture Location Relative seeding rates 
and year 1 4 16 64 
H Northwest 
1950 
1951 
1952 
7.1 
12.2 
31.5 
32.9 
31.9 
63.6 
48.6 
62.8 
75.9 
20.3 
18.2 
19.0 
C Northwest 
1950 
1951 
1952 
5.8 
9.3 
12.7 
19.5 
16.1 
35.8 
35.2 
38.4 
52.7 
37.4 
-2.4 
5.2 
H Southeast 
1950 
1951 
1952 
20.9 
34.5 
72.6 
36.9 
85.6 
99.5 
51.1 
117.7 
63.2 
17.6 
99.4 
-9.3 
C Southeast 
1950 
1951 
1952 
15.3 
26.1 
68.1 
34.2 
65.2 
59.2 
43.0 
114.4 
72.3 
42.3 
123.3 
-7.5 
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Table 17. Analysis of variance of total stand counts in the 
northwest Iowa location of experiment I giving 
single degree of freedom comparisons between rates 
of seeding within years. 
Year Source of variation Mean square 
1950 1 
4 
16 
vs. 
vs. 
vs. 
4 
16 
64 
20,184.00 
40,549.26 
128,773-50 
h.s. 
h.s. 
h.s. 
1951 1 
4 
16 
vs. 
vs. 
vs. 
4 
16 
64 
11,462.51 
72,820.17 
34,922.51 
s. 
h.s. 
h.s. 
1952 1 
4 
16 
vs. 
vs. 
vs. 
4 
16 
64 
35,037.04 
37,604.16 
20,680.01 
h.s. 
h.s. 
h.s. 
1954 1 
4 
16 
vs. 
vs. 
vs. 
4 
16 
64 
12,015.38 
5,075.04 
7,830.09 
s. 
n.s. 
n.s. 
1955 1 
4 
16 
vs. 
vs. 
vs. 
4 
16 
64 
7,543.76 
2,035.04 
4,056.00 
n.s. 
n. s. 
n.s. 
Error 2,262.60 
was greatest at the low seeding rates, possibly as a result of 
lower initial stands and lower degree of competition. The 
vegative cover (largely brome-alfalfa) development in the 
sixth year after seeding is illustrated in Figures 3 and 4. 
Highly significant differences in total stands were found 
among rates of seeding and among years (Table 12). The total 
stand from the C mixture was found to be significantly lower 
than the stand from the H mixture at the .05 level, while the 
difference between horizons was non-significant. Differences 
in stands were found to be non-significant between the first 
Figure 1. Average total stand counts per 1/16 milacre with 
relative rate of seeding and with time in the 
Inwood, northwest Iowa, location of experiment I. 
Figure 2. Average total stand counts per 1/16 milacre with 
relative rate of seeding and with time in the 
West Point, southeast Iowa, location of experi­
ment I. 
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Figure 3. Final cover developed on a plot in the northwest 
Iowa location of experiment I in 1955- Note that 
the composition is largely brome-alfalfa. 
Figure 4. Final cover developed on a backslope in the north­
west Iowa location of experiment I in 1955» Note 
the apparent uniformity of composition. 
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two years, highly significant between the second and third and 
between the third and fifth, and significant between the fifth 
and sixth (Table 15)• The lack of significance between the 
first two years can be attributed to the stand decline at the 
high rate of seeding which cancelled out the increase at lower 
rates. No significant interaction was found between mixtures 
and rates, since the species composition of the two mixtures 
was similar, and the mixtures reacted similarly to seeding 
rates. Since the four blocks were all within the same back-
slope, the lack of significant differences among blocks is 
indicative of relative uniformity of overall environment with­
in a slope. 
Initial grass stands ranged from 2.5 to 21.2 (H) and from 
0.9 to 4-4.9 (C) plants per 1/16 milacre between low and high 
rates of seeding (Table 11). Grasses approached maximum values 
of 141.6 (H) and 117.8 (C) with time. The higher initial grass 
stands reproduced more rapidly than the lower ones, since the 
number of reproducing individuals was greater. The low in­
itial stands continued to increase, however, as the high in­
itial stands approached equilibrium. The grass fraction of the 
stands (Figure 5) increased with time as legumes (Figure 7) 
declined, thus becoming the more important fraction with time. 
Differences among rates of seeding, among years and between 
seed mixtures were all highly significant (Table 13). Differ­
ences among blocks and between horizons were non-significant, 
as was the interaction between mixtures and rates. 
Figure 5. Average grass stand counts per 1/16 milacre with 
relative rate of seeding and with time in the 
Inwood, northwest Iowa, location of experiment I. 
Figure 6. Average grass stand counts per 1/16 milacre with 
relative rate of seeding and with time in the 
West Point, southeast Iowa, location of experi­
ment I. 
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Figure 7. Average legume stand counts per 1/16 milacre with 
relative rate of seeding and with time in the 
Inwood, northwest Iowa, location of experiment I. 
Figure 8. Average legume stand counts per 1/16 milacre with 
relative rate of seeding and with time in the West 
Point, southeast Iowa, location of experiment I. 
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Legume plants made up a major part of the total stands 
in the early years, but declined with time (Figure 7), pos­
sibly as a result of diseases or competition. Initial legume 
stands ranged from 7.9 to 121.9 (H) and from 7.9 to 118.6 (C) 
plants per 1/16 milacre with increasing rates of seeding 
(Table 11). The slope of the stand response (Figure 7) indi­
cates that maximum legume stand was not attained within the 
range of rates that were used. Legume stands were apparently 
equilibrated in the fifth and sixth years after seeding, de­
clining to an average stand of approximately 5.5 plants per 
milacre. 
Legume stand differences among rates of seeding and years 
were highly significant (Table 14). Differences between ho­
rizons, between mixtures, and among blocks were all non­
significant. The same legumes but different grasses were in­
cluded in the two mixtures, which might account for the 
significance of mixtures based on grasses but lack of it 
based on legumes. 
Stand count data for southeast Iowa are summarized in 
Table 18, and the analyses of these data are presented in 
Tables 15 and 16 and 19 through 22. Initial total stands in 
southern Iowa ranged from 26.8 to 139-9 (H) and 20.1 to 169.3 
(C) plants per milacre with seeding rate (Table 19), approxi­
mating the initial total stands of the northwest Iowa location 
(Table 11). Approximate doubling of stands occurred at all 
rates in the second year. Stand counts dropped at the third 
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Table 18. Legume (L), grass (G), and total (L + G) plant 
counts per 1/16 milacre with time at rates 1, 4, 
16, and 64 of two seed mixtures, representing 
averages of 12 quadrats in four replications of 
experiment I in southeast Iowa. 
Sampling year Stand Seeding rates , 
and seed mixture fraction 1 4 lo 64 
Highway mixture 
1950 L 18.1 34.5 53.8 80.4 
G 8.7 16.9 36.9 59.6 
L + G 26.8 51.4 90.6 139.9 
1951 L 21.6 38.6 62.1 107.9 
G 21.3 71.4 107.7 129.3 
L + G 42.9 109.4 169.8 237.3 
1952 L 29.5 30.5 28.0 24.3 
G 58.8 95.5 77.0 83.0 
L + G 88.3 125.9 104.9 107.9 
1954 L 3.0 1.6 4.5 1.1 
G 60.7 86.6 78.2 91.2 
L + G 63.6 88.2 82.6 92.3 
1955 L 7.3 2.2 6.4 3.4 
G 93.0 110.6 105.0 111.5 
L + G 100.3 112.8 111.4 114.9 
Complete mixture 
1950 L 15.9 39.6 61.1 86.4 
G 4.2 8.6 19.8 81.8 
L + G 20.1 48.2 80.9 169.3 
1951 L 19.3 45.4 82.9 104.5 
G 13.8 39.7 83.0 161.3 
L + G 33.0 85.1 165.9 265.7 
1952 L 30.8 30.0 44.4 29.7 
G 52.3 48.0 71.5 80.5 
L + G 83.0 78.0 115.8 110.1 
1954 L 3.4 5.4 5.0 2.9 
G 65.4 67.8 105.1 119.2 
L + G 68.8 73.2 110.1 122.1 
1955 L 6.2 6.0 5.0 3.6 
G 8l .0 74.4 y2. j 9b. 3 
L + G 87.2 80.4 97.3 99.9 
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Table 19. Analysis of variance of total stand counts in the 
southeast Iowa location of experiment I giving 
single degree of freedom comparisons between rates 
of seeding within years. 
Year 
f 
Source of variation Mean square 
1950 1 vs. 4 8,480.08 n.s. 
4 vs. 16 17,214.19 n.s. 
16 vs. 64 56,581.33 h.s. 
1951 1 vs. 4 37,632.00 h.s. 
4 vs. 16 65,564.08 h.s. 
16 vs. 64 98,102.08 h. s. 
1952 1 vs. 4 3,185.02 n.s. 
4 vs. 16 841.69 n.s. 
16 vs. 64 44.08 n.s. 
1954 1 vs. 4 616.33 n.s. 
4 vs. 16 2,929.67 n. s. 
16 vs. 64 140.08 n.s. 
1955 1 vs. 4 72.52 n. s. 
4 vs. 16 744.19 n.s. 
16 vs. 64 123.52 n.s. 
Error 4,452.97 
and fourth rates in the third year, but continued to increase 
at the first and second (Figure 2). Total populations ap­
proached equilibrium values of approximately 110 (H) and 111 
(C) plants per milacre with time, based on the highest rate 
(Table 19). Equilibration was virtually completed at the 
higher rates in the third year, but curvilinear response to 
seeding rate persisted at the lower rates until the sixth 
year (Figure 2). 
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Rate of seeding was the only main effect that proved to be 
highly significant (Table 20). Stands on the A horizon were 
significantly greater than those oh the B horizon. Differ­
ences among years were also significant, and the comparisons 
between years (Table 15) show that the difference between the 
first two years was significant but that the remaining com­
parisons of years were all non-significant. The effects of 
blocks, seed mixtures, and mixture x rate interaction were 
also non-significant. 
Initial grass stands ranged from 8.7 to 59.6 (H) and 4.2 
to 81.8 (C) plants per milacre with seeding rate (Table 19). 
The increase in total stands in the second year is largely at­
tributed to the increase in the grass fraction, although 
legumes increased somewhat in the second year also. Grass 
stands of the third and fourth rates of seeding declined in 
the third year, while those of the first and second rates con­
tinued to increase. Grass stands approached a level of ap­
proximately 102 (H) and 99 (C) plants per milacre with time, 
based on the high rate of seeding (Table 19). The grass 
populations in southern Iowa increased greatly in the second 
year and then equilibrated (Figure 6), while those in north­
west Iowa increased slowly (Figure 5). 
Differences in grass stands among rates of seeding were 
highly significant (Table 21), and differences among years 
were significant. No significance was found between mixtures, 
horizons or blocks. 
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Table 20. Analysis of variance of total stand counts in 
experiment I in southeast Iowa. 
Source of variation D.F. Mean square 
Blocks 1 2.425.50 n. s. 
Treatments 7 8,734.73 h. s. 
Seed mixtures 1 
Rates of seeding 3 
Mixtures x rates 3 
1,948.10 
156,152.20 
6,368.34 
n. 
h. 
n. 
s. 
s. 
s. 
Blocks x treatments 7 9,011.59 
Soil horizons 1 60,054.50 s . 
Blocks x horizons 1 296.18 
Treatments x horizons 7 4,077.16 n. s. 
Blocks x treatments x horizons 7 4,356.51 
Years 4 53,735.90 s. 
Blocks x years 4 6,392.10 
Treatment x years 28 17,031.63 h. s. 
Blocks x treatment x years 28 3,313.31 
Horizons x years 4 22,093.81 n. s. 
Blocks x horizons x years 4 16,645.32 
Treatments x horizons x years 28 87,584.26 n. s. 
Blocks x treatments x horizons x 
years 28 4,190.72 
Subsampies per experimental unit 
320 4,372.03 
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Table 21. Analysis of variance of grass stand counts in 
experiment I in southeast Iowa. 
Source of variation D.F. Mean square 
Blocks 1 27.54 n. s. 
Treatments 7 32,274.08 s. 
Seed mixtures 1 
Rates of seeding 3 
Mixtures x rates 3 
6,475.36 
82,541.63 
10,606.10 
n. 
h. 
n. 
s. 
s. 
s. 
Blocks x treatments 7 8,158.97 
Soil horizons 1 41,645.51 n. s. 
Blocks x horizons 1 4,350.06 
Treatments x horizons 7 1,556.43 n. s. 
Blocks x treatments x horizons 7 1,776.28 
Years 4 59,465.62 s. 
Blocks x years 4 9,417.66 
Treatments x years 28 5,860.09 h. s. 
Blocks x treatments x years 28 2,231.83 
Horizons x years 4 20,456.24 n. s. 
Blocks x horizons x years 4 13,794.24 
Treatments x horizons x years 28 2,816.33 n. s. 
Blocks x treatments x horizons x 
years 28 1,646.23 
Subsampies per experimental unit 320 790.69 
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Table 22. Analysis of variance of legume stand counts in 
experiment I in southeast Iowa. 
Source of variation D.F. Mean square 
Blocks 
Treatments 
1 
7 
Seed mixtures 
Rates of seeding 
Mixtures x rates 
1 
3 
3 
Blocks x treatments 
Soil horizons 
Blocks x horizons 
Treatments x horizons 
Blocks x treatments x horizons 
Years 
Blocks x years 
Treatments x years 
Blocks x treatments x years 
Horizons x years 
Blocks x horizons x years 
Treatments x horizons x years 
Blocks x treatments x horizons x 
years 
7 
1 
1 
7 
7 
4 
4 
28 
28 
4 
4 
28 
28 
Subsamples per experimental unit 320 
2,970.07 s. 
8,734.73 h.s. 
1.320.03 n.s. 
19,456.72 h.s. 
484.31 n.s. 
340.45 
1,680.01 n.s. 
6.916.04 
1,381.27 n.s. 
735.77 
63,036.45 h.s. 
1,379.68 
3,677.94 h.s. 
628.86 
297.29 n.s. 
774.93 
408.71 n.s. 
307.32 
28.44 
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Initial legume stands ranged from 18.1 to 83.4 (H) and 
15.9 to 86.4 (C) plants per milacre with seeding rate (Table 
19). Differences among seeding rates had nearly disappeared 
in the third year (Figure 8). The legume stands increased in 
the second year and then declined steadily, falling to a level 
of about four plants per milacre in the fifth and sixth 
seasons. Differences in legume stands among rates and years 
were highly significant (Table 22). Differences between seed 
mixtures, between soil horizons, and among blocks, however, 
were non-significant. No significant interaction between 
rate and mixture was found since the mixtures were quite simi­
lar. 
An attempt was made to analyze the total stand counts 
from both locations in such a way as to determine which of the 
seeding rates was the most practical. Since there was no 
reasonable basis for assigning cash values to the stand counts, 
it seemed unlikely that net returns could be calculated, until 
it was found that this could be done on a percentage basis, 
thereby eliminating the cash factor. The total stands for 
1952, 1954, and 1955 at the highest rate of seeding were aver­
aged, the resulting count being 119 plants per 1/16 milacre. 
This was reasoned to be the maximum stand, and it was assigned 
a gross return value of 100 per cent. The per cent values of 
the other stands were then based on this. Since the highest 
rate of seeding was judged to be the maximum rate to be used, 
either in practice or experiment, the cost of the seed at this 
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rate was arbitrarily assigned a value of 100 per cent, and the 
cost of seed at the remaining rates was based accordingly. 
The seed (variable) cost percentage was then subtracted from 
the gross return percentage to give the net per cent return 
(Table 16). The highest net return within a year was then 
taken as indicative of the most economical seeding rate for 
that year. This method of analysis necessitates two basic con­
ditions. The first is that the 64 rate can be termed 100 per 
cent in terms of variable cost. This is not based strictly on 
reason but at least somewhat on convenience. The second con­
dition is that fixed costs make up a relatively large propor­
tion of the total costs. The present Cost of backslope 
seeding ranges generally from 50 to 100 dollars per acre, of 
which the cost of the seed is approximately 10 dollars. If 
the fixed cost is high, then basing the return on total cost 
favors the use of high seeding rates, since it minimizes the 
differences in variable cost. If fixed costs are low, then 
the total cost is affected more by the variable cost, and the 
lower seeding rates appear to be more favorable. The percent­
age method is based on variable costs, and it, too, may have 
limitations, but fixed costs vary from year to year, and the 
only way to eliminate this variation is to use variable cost 
as a basis. 
The two mixtures and four seeding rates were analyzed 
according to this method for the first three seasons. The 
importance of the stands of the first season should be 
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minimized, since initial stands are generally high in number 
and low in vigor. The stands of the second season are better 
bases for comparison than those of the first, but they are also 
unstable as can be seen in the second season increase in south­
east Iowa. The stands of the third year were, therefore, con­
sidered the appropriate basis for comparison. 
The net return values for northwest Iowa indicate that 
the Highway mixture was superior to the Complete (Table 16). 
The third rate was the desirable one in all cases except the 
initial year of the Complete mixture, in which case the fourth 
rate was the best. Non-orthogonal comparisons were made be­
tween pairs of adjacent seeding rates (Table 17). These com­
parisons showed that differences between rates of seeding were 
significantly different at the .01 level within years up to 
1954-, in which only the difference between the first two rates 
was significant. 
The net return values for southeast Iowa (Table 16) indi­
cate that the Highway mixture was again the more economical of 
the two. The comparison of rates within years (Table 18) for 
this location indicated no significant differences between 
pairs of seeding rates beyond the second year. Differences be­
tween rates 1 and 4 and between 4 and 16 in the initial year 
were also non-significant. Differences between rates 16 and 
64 in the Initial year and between all pairs of adjacent rates 
in the second year were highly significant. It should be noted 
that only two replications were averaged in this location, and 
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that variability may be influencing the values in Table 16. 
These values indicate that rate 16 (H and C) was best in 1950, 
rates 16 (H) and 64 (C) were the best in 1951, and rates 4 (H) 
and 16 (C) were best in 1952. 
On the strength of the method used, therefore, it is ap­
parent that the third rate yielded the greatest average net 
returns in the two locations. 
Experiment II 
The establishment year (1954) in the Leon vicinity was 
characterized by severe drought conditions in mid-summer and 
later by severe grasshopper infestation. Growth of the plants 
was consequently arrested, and the leaves were stripped by 
grasshoppers, leaving insufficient material for evaluation. 
The surviving stands were evaluated by counts in 1955, and by 
counts and weights in 1956, although drought and grasshopper 
damage recurred. Due to sparse stands, there was probably 
little competition between the grasses and legumes of a mix­
ture. 
The 1955 results (Table 23) show that intermediate wheat-
grass and bromegrass produced the greatest stands of plants 
and stems, timothy was intermediate in rank, and little blue-
stem and bluestem mixture were inferior. The differences among 
grasses based on stem counts were highly significant (Table 
24). The 1956 stem and plant counts and weight yields show 
that wheatgrass developed best of all the grasses (Table 23)-
Table 23. Stem and plant counts and oven-dry weight yields of grass-legume 
mixtures per 1/4 milacre, averages of fifteen sub-samples in five 
replications of experiment II. 
Treatments8 
Year Measurement 
1955 Legume stems 0.00 16.53 35.93 11.67 24.40 110.07 146.73 114.13 
Legume plants 5.20 5.27 12.20 4.33 11.67 27.60 26.47 22.80 
Grass stems 5.13 15.60 0.73 2.67 11.67 18.00 0.00 0.33 
Grass plants 4.93 13.00 0.73 2.53 11.20 9.33 0.00 0.22 
1956 Legume stems 0.20 56.67 84.67 60.87 94.80 176.53 253.27 198.33 
Legume plants 0.13 4.40 6.80 4.53 7.07 18.07 20.07 18.13 
Grass stems 0.33 13.93 0.40 0.00 0.13 26.47 0.00 0.73 
Grass plants 0.67 6.33 1.93 0.33 0.47 11.13 0.000 0.33 
1956 Legume weight 0.07 66.60 114.13 108.90 79.67 94.27 169.27 114.67 
Grass weight 0.03 4.67 0.20 0.00 0.13 9.57 0.00 0.03 
Treatments 1. Birdsfoot trefoil and timothy 
2. Ranger alfalfa and intermediate wheatgrass 
3. Vernal alfalfa and bluestem mixture 
4. Ranger alfalfa and little bluestem 
5. Nomad alfalfa and bromegrass 
b60 pounds of nitrogen and 120 pounds of PgO$ added 
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The differences among grasses in 1956 were also highly signi­
ficant (Table 24). 
Legume plant and stem counts in 1955 indicated the su­
periority of vernal and nomad to ranger alfalfa (Table 23). 
Birdsfoot trefoil stands were fair, but the growth of the 
Table 24. Analysis of variance of stem counts of grasses in 
mixtures 1 through 5 of experiment II for the 1955 
and 1956 seasons. 
Source of variation 
1925 
1956 
Blocks 
Grasses 
Blocks x grasses 
Blocks 
Grasses 
Blocks x grasses 
D.F. Mean square 
4 229.24 
4 1,842.74 h.s. 
16 335.47 
4 234.86 
4 1,694.46 h.s, 
16 194.09 
plants was so slight that no stems exceeded the 10 cm. sampling 
height. Birdsfoot trefoil was not included in the analysis of 
variance, and no significant difference was found among the 
alfalfa varieties (Table 25). The 1956 counts further indi­
cated superiority of vernal and nomad to ranger alfalfa, al­
though differences between alfalfa varieties were not signifi-
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cant (Table 25). Survival of birdsfoot trefoil was exceeding­
ly poor. 
The highly infertile subsoil is shown in Figure 9-
Figure 10 illustrates one of the backslopes in the experiment 
prior to tillage and seeding. The 1955 data show average leg-
Table 25. Analysis of variance of stem counts of alfalfa 
varieties in mixtures 2 through 5 of experiment 
II for the 1955 and 1956 seasons. 
Source of variation D.F. Mean square 
1955 
1956 
Blocks 
Legumes 
Blocks x legumes 
Experimental units/blocks 
Blocks 
Legumes 
Blocks x legumes 
Experimental units/blocks 
4 7,240.83 n.s. 
2 7,304.55 n.s. 
8 3,521.49 
5 925.70 
4 64,247.50 n.s. 
2 22,731.23 n.s. 
8 18,454.16 
5 4,973.10 
ume plant counts of 5.27, 12.20, and 4.33 on non-treated plots 
as compared to 27-60, 26.47, and 22.80 on the corresponding 
plots to which 60 pounds of N and 120 pounds of P2O5 were 
added per acre (Table 23). The corresponding average legume 
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stem counts per 1/4 milacre in 1955 were 16.53, 35.93, and 
11.6? with no added nutrients and 110.07, 146.73, and 114.67 
with nutrients added at the previously mentioned rate. Similar 
differences in legume counts at the two nutrient levels were 
obtained in 1956. The difference in legume counts between the 
two nutrient levels were highly significant in 1955 and 1956 
(Table 26). Figures 11 and 12 illustrate the greater develop­
ment of alfalfa on plots with added nutrients compared to the 
vegetation on the remainder of the slope. Figures 13 through 
16 show the development of alfalfa with and without added nu­
trients in the 1956 season. It is apparent that establishment 
and survival of alfalfa were increased markedly by the appli­
cation of nutrients. Counts of grass stems and plants showed 
no appreciable differences with added nutrients in the 1955 
season (Table 23). The 1956 evaluations showed a two-fold in­
crease in plants, stems and weights of intermediate wheatgrass 
with added nutrients, but the difference based on stem counts 
was non-significant (Table 26), due to the variability. The 
remaining grasses showed no increase with added nutrients. 
Experiment III 
Ten mixtures were seeded at quantities indicated in Table 4 
with 80 pounds each of N and P and 40 pounds of K per acre ap­
plied as a subplot treatment. The plots were evaluated in the 
fall of the establishment year (1955) by estimation of per-
Figure 9. Upper left: close-up view of the Kansan till subsoil in experiment II 
near Leon, in southern Iowa. 
Figure 10. 
Figure 11. 
Upper right: view of one of the backslopes in experiment II prior to 
tillage. Note the rilling that has occurred and the horizontal zonation 
near the top of the slope. 
Lower left: a backslope in experiment II in the initial season (1954). 
The dark bands are plots of alfalfa with added nutrients. 
Figure 12. Lower right: a backslope in experiment II in the initial season (1954). 
The dark bands are plots of alfalfa with added nutrients. 
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Table 26. Analysis of variance of legume and grass stem 
counts at two nutrient levels of experiment II 
for the 1955 and 1956 seasons. 
Source of variation D.F. Mean square 
Intermediate wheatqrass-1956 
Blocks 
Nutrient levels 
Blocks x nutrients 
4 
1 
4 
4,827.85 
3,534.40 n.s. 
1,309.15 
Lequmes-1955 
Blocks 
Treatments 
Nutrient levels 
Legumes 
Nutrient levels x 
legumes 
Blocks x treatments 
1 
2 
4 
5 
20 
68,320.63 
159,602.93 h.s. 
756,523.20 h.s. 
20,315.44 n.s. 
430.30 n.s. 
13,409.43 
Lequmes-1956 
Blocks 
Treatments 
Nutrient levels 
Legumes 
Nutrient levels x 
legumes 
Blocks x treatments 
1 
2 
4 
5 
20 
158,811.75 
269,585.40 
5,350.40 
21,984.11 
h.s. 
1,248,072.10 n.s. 
44,577.05 n.s. 
h.s. 
Figure 13. Upper left; alfalfa plots with no treatment (right) and with added 
nutrients (left) in the 1956 season in experiment II. Note that more 
vegetation has developed on the plot with added nutrients. 
Figure 14. Upper right: alfalfa plots with no treatment (right) and with added 
nutrients (left) in the 1956 season in experiment II. Note that more 
vegetation has developed on the plot with added nutrients. 
Figure 15. Lower left: closeup of alfalfa plot with added nutrients in the 1956 
season in experiment II. 
Figure 16. Lower right: close-up of alfalfa plot with no added nutrients in the 1956 
season in experiment II. Note that the vegetation is not as well de­
veloped as that shown in Figure 15. 
87 
88 
centage cover. The cover estimates for grasses, however, are 
largely the regrowth of oats from seed rather than the develop­
ment of the other grasses that were seeded. In every instance 
(Table 27) the grass cover with added nutrients was greater 
than that which received none. Legume cover at location C in­
creased with added nutrients. Data from locations A and B, 
however, show that legume cover decreased with nutrient ad­
dition. After this apparent discrepancy in data among lo­
cations was noted, total oat yields were sampled from randomly 
selected plots. Legume cover percentage and associated yields 
of total oat dry matter per quadrat with added nutrients in 
all three locations are given in Table 28. 
Average legume cover graphed against average dry weight 
of oats with and without added nutrients (Figure 17) shows in­
creasing legume cover and oat yield with increasing fertility 
at location C but decreasing legume cover and increasing oat 
yield with increasing fertility at locations A and B. Growth 
was generally poor at location C either due to infertile soil 
or dryness. 
No significant differences were found in the effect of 
nutrient level upon per cent legume cover (Table 29), either 
in location C or in the pooled data for locations A and B 
(Table 23). The corresponding differences in oat yield be­
tween nutrient levels were all highly significant (Table 30). 
An analysis of variance was also performed on the estimated 
legume cover using all of the data on the two alfalfa varieties. 
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Table 27. Estimated per cent cover of grasses and legumes of 
ten seed mixtures at two nutrient levels, 0 and la, 
averages of 9 sub-samples at locations A and B and 
12 at C of experiment III. 
Mixtures and A B C 
species 1 0 1 0 1 0 
1 L 17.0 4.4 10.7 2.0 4.3 0.2 
V 31.1 38.8 4.4 10.7 23.2 16.4 
2 I 21.0 11.6 18.2 6.1 3.8 0.9 
V 24.0 22.3 3.2 9.6 18.9 13.8 
3 A 13.0 9.8 20.2 3.4 2.8 0.3 
V 26.1 23.1 0.0 1.2 24.3 26.5 
4 T + F 16.1 6.0 16.0 2.0 1.9 0.1 
V 21.2 26.8 5.2 14.7 26.8 18.4 
5 B 19.0 5.7 10.7 2.7 4.4 0.1 
V 19.8 25.1 10.7 21.2 22.3 19.8 
6 L 10.0 3.7 13-0 4.3 1.8 0.2 
S 46.3 55.7 3.0 5.0 28.8 23.1 
7 L 18.1 10.7 12.8 4.2 4.3 0.6 
Bt 7.3 11.6 0 0 0.8 0.6 
8 L 20.2 8.4 16.8 7.0 2.1 0.6 
H + C 0.2 12.0 0 0 6.3 0.6 
9 2L 33.1 22.3 10.9 3.6 8.2 1.3 
10 L 14.2 2.8 12.8 1.9 1.8 0.4 
R 33.9 44.2 0.2 6.2 17.7 18.5 
80 pounds of N, oO pounds 
acre constitute level 1. 
Lincoln brome 
I Intermediate wheatgrass 
A Alta fescue 
T Timothy 
F Creeping red fescue 
B Bluestem mixture 
of P, and 40 pounds of K per 
2L Lincoln brome (double) 
V Vernal alfalfa 
S Yellow sweetclover 
C Crown vetch 
R Ranger alfalfa 
H Hairy vetch 
Bt Birdsfoot trefoil 
Table 28. Estimated per cent legume cover and associated weight yield of oats per 
1/16 milacre from random experimental units at Locations A, B, and C of 
experiment II at two nutrient levels, 0 and la. 
Nutrient Location A Location B Location C 
level Seed , Oats Legume Seed Oats Legume Seed Oats Legume 
mixes (grams) cover mixes (grams) cover mixes (grams) cover 
per cent ; per cent per cent 
0 4 15 44.0 10 2 0.7 2 3 22.7 
1 61 44.3 83 0.0 14 20.7 
0 1 12 63.3 9 2 — — — 3 5 30.3 
1 45 44.0 65 - - - 14 33.0 
0 1 10 14.0 4 6 28.3 3 4 32.3 
1 15 33.7 53 0.0 20 28.7 
0 7 17 12.7 8 6 15.3 5 5 2.7 
1 60 0.0 27 14.0 21 14.3 
0 7 8 0.0 10 2 17.3 3 7 0.3 
1 93 0.0 33 0.7 8 1.7 
0 6 13 24.0 6 2 15.0 5 2 13.7 
1 50 16.0 9.0 6 10.7 
0 ave. 12.4 26.3 3.2 15.3 3.0 17.0 
1 ave. 54.0 23.0 54.0 4.7 13.7 18.2 
a80 pounds of N and P and 40 pounds of K per acre constitute level 1. 
^Composition given in Table 4. 
Figure 17. Percentage legume cover with increasing dry weight of oats at two 
nutrient levels and three locations of experiment III. 
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and sweetclover, but no significant differences could be found 
between nutrient levels or among legumes (Table 31). Figures 
18 and 19 show the slopes of location B in the first season. 
The response of oats to nutrients can be plainly seen. 
Figures 20 and 21 show the oat cover with and without added 
nutrients, respectively. 
The 1956 data from location A indicates that ranger and 
vernal alfalfa were similar in stand and weight (Table 32). 
Yellow sweetclover yielded slightly more dry matter than did 
alfalfa. Trefoil and vetch yields were very low. Intermedi­
ate wheatgrass yielded more stems per quadrat than did brome, 
alta fescue, timothy plus creeping red fescue, and bluestem 
mixture, in that order. Bromegrass produced more stems per 
unit area when seeded without a legume, and all the grasses 
yielded considerably greater stands with nutrients. The 1956 
data for location C are given in Table 33. Ranger alfalfa 
was slightly inferior to vernal in number of stems and plants, 
but the difference was not a great one. Sweetclover out-
yielded alfalfa, and the vetches and trefoil were extremely 
poor. Intermediate wheatgrass yielded more stems than did 
brome or the other grasses. Brome stands were greater where 
legumes did not develop well, and grass stands were invariably 
greater with added nutrients. Differences among legumes be­
tween the two major grasses, and between nutrient levels were 
all non-significant in 1956 at this location (Table 34). 
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Table 29- Analysis of variance of estimated per cent legume 
cover at two nutrient levels of experiment III in 
the fall of 1955-
Source of variation D.F. Mean square 
Locations A and B 
Blocks 
Nutrient levels 
Blocks x nutrient levels 
9 
1 
9 
566.74 
265.72 
87.7 
n.s. 
Location C 
Blocks 
Nutrient levels 
Blocks x nutrient levels 
9 
1 
9 
307.26 
4.20 
16.14 
n.s, 
Table 30. Analysis of variance of total dry weight yields of 
oats at two nutrient levels in experiment III in 
the fall of 1955-
Source of variation D.F. Mean square 
Location A 
Blocks 
Nutrient levels 
Blocks x nutrient levels 
5 321.55 
1 5,166.75 h.s. 
5 333.95 
Location B 
Blocks 
Nutrient levels 
Blocks x nutrient levels 
5 201.13 
1 7,701.34 h.s. 
5 285.93 
Location C 
Blocks 
Nutrient levels 
Blocks x nutrient levels 
5 24.68 
1 330.75 h.s. 
5 13.35 
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Table 31. Analysis of variance of estimated per cent cover of 
legumes at three locations of experiment III in the 
fall of the establishment year (1955). 
Source of variance D.F. Mean square 
Location A 
Blocks 2 22,629.39 
Legumes 2 3,736.06 n.s. 
Blocks x legume 4 5,972.89 
Nutrient levels 1 3,334.72 n.s. 
Nutrient levels x blocks 2 233-73 
Nutrient levels x legumes 2 26.72 n.s. 
Nutrients x legumes x blocks 4 3,516.21 
Location B 
Blocks 2 3,501-56 
Legumes 2 288.22 n.s. 
Blocks x legumes 4 252.89 
Nutrient levels 1 910.22 n.s. 
Nutrient levels x blocks 2 710.89 
Nutrient levels x legumes 2 76.23 n.s. 
Nutrient x legumes x blocks 4 49.89 
Location C 
Blocks 3 2,804.17 
Legumes 2 1,148.66 n.s. 
Blocks x legumes 6 548.89 
Nutrient levels 1 759.44 n.s. 
Nutrient levels x blocks 3 1,839.47 
Nutrient levels x legumes 2 294.84 n.s. 
Nutrient x legumes x blocks 6 6-48.16 
Figure 18, Upper left: A backslope in experiment III showing response of the oat 
companion crop to two levels of nutrients. Note the increased growth 
of the oats on sub-plots which received nutrients. 
Figure 19. Upper right; A backslope in experiment III showing response of the oat 
companion crop to two levels of nutrients. Note the increased growth 
of the oats on sub-plots which received nutrients. 
Figure 20. Lower left: Close-up view of the oat companion crop with added nutri­
ents on a backslope of experiment III in the 1955 season. 
Figure 21. Lower right: Close-up view of the oat companion crop with no added 
nutrients on a backslope of experiment III in the 1955 season. Note 
that the density of the oat cover is much reduced in comparison with 
that in Figure 20. 
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Table 32. Counts of grasses and legumes per 1/4 milacre and 
and dry weight yields per 8.25 by 4.5 foot area of 
ten seed mixtures at two nutrient levels, 0 and 1 , 
at location A of experiment III. 
Treatments Yield per sub-sample 
Mixtures Nutrient Legume Legume Grass Total 
level3 plants stems stems dry weight 
1 L + V 0 52.2 414.5 4.7 1092.7 
1 41.7 265.2 89.5 848.0 
2 I + V 0 37.0 269.8 31.3 539.3 
1 37.0 237.5 109.3 878.0 
3 A + V 0 45.8 304.5 4.3 702.7 
1 41.8 278.3 20.2 622.0 
4 T + RF + V 0 36.0 244.5 1.5 706.0 
1 37.8 250.7 0.2 1007.0 
5 B + V 0 42.3 250.5 0.0 497.3 
1 35.3 213.2 0.0 696.0 
6 L + S 0 44.0 202.3 7.8 1124.3 
1 30.7 161.5 38.8 1041.3 
7 L + Bt 0 11.7 150.5 18.8 252.7 
1 8.5 66.0 102.8 107.7 
8 L + H + C 0 0.8 19.5 16.0 67.7 
1 0 0 159.2 65.3 
9 2L 0 — — — — — — 42.8 5.3 
1 180.0 86.7 
10 L + R 0 48.5 314.3 8.5 872.7 
1 41.3 266.0 44.7 767.3 
a80 pounds of N and P and 40 pounds of K per acre 
constitute level 1. 
bL Lincoln brome 2L Lincoln brome(double) 
IW Intermediate wheatgrass V Vernal alfalfa 
AF Alta fescue S Yellow sweetclover 
T Timothy C Crown vetch 
RF Creeping red fescue H Hairy vetch 
B Bluestem mixture R Ranger alfalfa 
Bt Birdsfoot trefoil 
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Table 33. Counts of grasses and legumes and dry weight yields 
of ten seed mixtures per 1/4- milacre at two nutrient 
levels, 0 and la, at location C of experiment III, 
averages of eight sub-samples. 
Treatments Yield per sub-sample 
Mixtures*3 Nutrient Legume Legume Grass Total 
level3 plants stems stems dry weight 
1 L + V 0 46.8 329.3 0.0 83.9 
1 58.0 400.8 7.0 91.5 
2 I + V 0 63.9 469.9 4.0 103.0 
1 66.0 424.9 23.3 110.0 
3 A + V 0 70.3 470.4 0.1 113.9 
1 62.4 462.6 0.9 114.1 
4 T + RF + V 0 51.5 347.4 0.0 94.5 
1 55.6 419.6 0.3 98.8 
5 B + V 0 49.0 343.9 0.0 86.0 
1 66.4 415.5 0.0 107.3 
6 L + S 0 32.5 153.4 2.9 120.8 
1 37.6 147.6 13.0 121.9 
7 L + Bf 0 0.1 0.1 0.1 0.0 
1 2.8 13.1 7.5 0.0 
8 L + H + C 0 0.0 0.0 1.0 0.0 
1 0.1 1.3 13.3 0.0 
9 2L 0 —  —  —  • — — —  5.5 0.0 
1 — —  —  —  47.9 0.0 
10 L + R 0 43.3 289.8 2.4 87.3 
1 54.3 338.9 6.1 101.6 
a80 pounds of N and P and 40 
constitute level 1. 
^L Lincoln brome 
I Intermediate wheatgrass 
A Alta fescue 
T Timothy 
F Creeping red fescue 
B Bluestem mixture 
pounds of K per acre 
2L Lincoln brome(double) 
V Vernal alfalfa 
S Yellow sweetclover 
C Crown vetch 
H Hairy vetch 
R Ranger alfalfa 
Bf Birdsfoot trefoil 
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Table 34. Analysis of variance of legume and grass stem 
counts in locations A and C of experiment III in 
the 1956 season. 
Source of Variance 
Location A-lequmes 
Blocks 
Legumes 
Vernal vs. Ranger alfalfa 
Vernal vs. Sweetclover 
Blocks x Legumes 
Nutrient levels 
Blocks x nutrient levels 
Legumes x nutrient levels 
Blocks x legumes x 
nutrients 
Location C - legumes 
Blocks 
Legumes 
Blocks x legumes 
Nutrient levels 
Blocks x nutrient levels 
Legumes x nutrient levels 
Blocks x legumes x 
nutrients 
Location A - grasses 
Blocks 
Grasses 
Blocks x grasses 
Nutrient levels 
Blocks x nutrient levels 
Grasses x nutrient levels 
Blocks x grasses x 
nutrients 
Location C - grasses 
Blocks 
Grasses 
D.F. Mean square 
2 81,394.89 
2 156,490.06 s. 
1 29,601.33 n.s. 
1 299,252.08 h.s. 
4 10,878.06 
1 113,764.50 s. 
2 11,404.67 
2 22,029.50 n.s. 
4 12,209.17 
3 149,394.44 
2 403,447.63 n.s. 
6 102,819.40 
1 51,337.50 n.s. 
3 46,059.72 
2 5,379.88 n.s. 
6 12,652.43 
2 23,128.59 
1 6,486.75 n.s. 
2 9,409.75 
1 79,543-92 n.s. 
2 8,851.17 
1 140.25 n.s. 
2 18,365.96 
3 1,427.41 
1 1,296.00 n.s. 
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Table 34- (Continued). 
Source of variation D.F. Mean square 
Blocks x grasses 
Nutrient levels 
Blocks x nutrient levels 
Grasses x nutrient levels 
Blocks x grasses x 
3 524.50 
1 
3 
1 
2,756.25 n.s. 
814.42 
576.00 n.s. 
nutrients 3 337.50 
The differences among legume stem counts and between 
nutrient levels in location A in 1956 were significant at the 
.05 level (Table 34). No significant difference was found 
between the two alfalfa varieties, but a highly significant 
difference was found between vernal alfalfa and sweetclover. 
The differences between wheatgrass and brome and between 
nutrient levels for these grasses were non-significant, al­
though the nutrient level comparisons were nearly significant. 
Korean lespedeza was observed to germinate and grow on 
infertile soil or eroded spots that did not support other 
species in southern Iowa. It remained green and active 
through the summer, even on infertile soil and during periods 
of drought. It was extensively seeded in the spring of 1956 
in southern Iowa at five pounds per acre in place of red and 
alsike clovers in the Highway mixture. Although soil mois­
ture was lacking at mid-season, the lespedeza still developed 
sufficiently to produce seed. There were great numbers of 
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seedlings present in the vicinity of the dead plants of the 
previous year in the spring of 1957. Lespedeza was also ob­
served to be naturally colonizing large backslope areas in 
the vicinity of experiment II and location B of experiment III. 
Figure 22 shows a slope with extensive patches of Korean lespe­
deza, and Figure 23 shows the progeny of a single plant of the 
previous year, the 12-inch pot label in the latter mentioned 
figure indicating the relative size. 
Experiment IV 
Five rates of the Highway seed mixture were fall-seeded 
at each of four levels of nutrients as indicated in Tables 5 
and 6. Since the legumes failed to survive the winter, only 
the brome seeding rates need be considered. Winter rye was 
uniformly seeded at two bushels per acre over the entire ex­
periment: since this was a standard procedure, and little was 
then known of the competitive effect of the nurse crop. 
Figures 24 through 31 indicate rye yields and brome 
stands. Table 35 indicates a severe reduction in stand of 
bromegrass at the highest nutrient level. This reduction can 
either be interpreted as a function of nutrient level (Figure 
24) or of growth of rye (Figure 27). It is probable that in­
creased growth of rye resulted in an increase in its competi­
tive ability. The competitive effect is, of course, con­
founded with level of fertility, but it seems more reasonable 
that brome suppression was a function of rye development and 
Figure 22. View of a backslope with large patches of natu­
rally-established Korean lespedeza colonizing it 
in location B of experiment III. 
Figure 23. Close-up of a clump of Korean lespedeza seedlings 
originating from a single plant of the previous 
season in location B of experiment III. The 
original plant can be seen near the center of the 
clump of seedlings. The pot lable is one foot in 
length. 
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not of concentration of nutrient compounds due to the complete 
absence of rye suppression at the highest nutrient levels. 
Stand differences of bromegrass were highly significant among 
nutrient levels (Table 36). Differences in brome stands be­
tween nutrient levels 1 and 2 and between 3 and 4 were highly 
significant, while the difference between levels 2 and 3 was 
non-significant. Since rye response increased through the 
highest nutrient level, it is assumed that the brome might 
also have done so had the rye been withheld or seeded at a 
much-reduced rate. The apparent slope of the rye response to 
nutrient levels was highly significant for all the comparisons 
(Table 36). The low rye yield and brome stand with no added 
nutrients emphasizes the lack of natural fertility in the 
soil (Table 35)- Rye response to nutrient levels is also 
shown in Figures 28, 29, and 30. 
Figures 26 and 31 indicate that the low (3.75 and 7.50 
pounds per acre) rates of brome seeding yielded poor stands and 
that stand of brome increased with rate of seeding. Differ­
ences among rates of seeding were found to be highly significant 
(Table 36), but single degree of freedom comparisons show that 
only the difference between the two highest rates of seeding 
was significant. 
It has been shown that rates of seeding and nutrient levels 
increased the initial brome stand until rye competition became 
excessive. It can be seen that increasing levels of nutrients 
increased the effectiveness of the rates of seeding (Figure 
3D. The interaction of nutrient levels and seeding 
Table 35. Dry weights of winter rye (grams) and numbers of brome plants per 1/4 
milacre, averages of eight sub-samples in four replications of experi­
ment IV. 
Brome Nutrient levels3 Brome 
seed 0 25. 150 300 count 
rate Rye Brome Rye Brome Rye Brome Rye Brome average 
(lb./A) weight count weight count weight count weight count 
3.75 17.6 0.0 205.6 3.5 411.8 3.0 603.6 30.1 9.2 
7.5 22.5 0.3 190.0 8.5 345.5 18.8 605.4 9.6 9.3 
15.0 28.4 0.3 214.9 54.8 301.1 129.8 571.9 44.5 57.4 
30.0 13.9 0.1 288.8 63.4 344.6 231.3 561.1 68.5 90.8 
60.0 14.1 2.9 220.8 446.0 413.4 439.0 579.9 160.8 262.2 
Average 19.3 0.7 224.0 115.2 363.3 164.4 584.4 62.7 
aPounds of each of elemental nitrogen, phosphorus, and potassium per acre. 
Figure 24. Stands of bromegrass per 1/4 milacre with in­
creasing levels of nutrients in experiment IV. 
The relative levels are 0, 1, 2, and 4 times 
the basic level of '75 pounds each of N, P, and 
K per acre. 
Figure 25. Dry weight of rye (grams) per 1/4 milacre with 
increasing levels of nutrients in experiment IV. 
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Figure 26. Stands of bromegrass per 1/4 milacre with in­
creasing rates of seeding in experiment IV. 
The relative rates are 1, 2, 4, 8, and 16 times 
the basic rate of 3.75 pounds of brome seed per 
acre. 
Figure 27. Bromegrass stands with increasing dry weight of 
rye in experiment IV. 
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rates was a highly significant one (Table 36). Differences 
between blocks within slopes were non-significant despite the 
fact that each block was made up of 20 experimental units in a 
linear series (Table 36). Brome was apparently more sensitive 
to environment than rye, in that brome stands differed signi­
ficantly (.05) between backslopes. Concern over variability 
due to the number of experimental units within a block can 
therefore be minimized in future investigations. 
Experiment V 
The six mixtures that were seeded in this experiment were 
evaluated by number of plants and total basal area per 1/16 
milacre quadrat and by percentage frequency. The mixtures can 
be ranked 2, 6, 5, 1, 4, 3, in order of decreasing importance 
(Table 37). Sideoats grama and switchgrass were the superior 
species according to all three categories of evaluation, while 
the wheatgrasses and fescues were generally inferior. 
Sideoats grama was seeded at only one pound per acre 
(Table 7) in mixtures 2 and 6, but its relative development 
was good. Switchgrass was seeded at three pounds per acre in 
mixture 2, and its establishment and development were the best 
of all the species. Little bluestem establishment and 
development were noteworthy. It is apparent that the little 
bluestem mixture was a better one than the bluestem mixture. 
It would be desirable to subject switchgrass, sideoats grama, 
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Table 36. Analysis of variance of stands of bromegrass and 
dry weight of rye in experiment IV near Grinnell, 
Iowa. 
Source of variation D.F. Mean square 
Bromegrass stand 
Blocks 
Slopes 
Blocks/slopes 
Nutrient levels 
1 vs. 2 
2 vs. 3 
3 vs. 4 
Rates of seeding 
1 vs. 2 
2 vs. 3 
3 vs. 4 
4 vs. 5 
Nutrient levels x rates of seeding 
Blocks x treatments 
Rye weight 
Blocks 
Slopes 
Blocks/slopes 
Nutrient levels 
1 vs. 2 
2 vs. 3 
3 vs. 4 
Experimental units/blocks 
Blocks x treatments 
1 
2 
1 
1 
1 
1 
1 
1 
1 
12 
57 
1 
2 
1 
1 
1 
146,175.28 
259,008.80 s. 
89,758.53 n.s. 
398.551.95 h.s. 
522,351.03 h.s. 
97,515.63 n.s. 
413,105.63 h.s. 
699,142.97 h.s. 
0.50 
72,866.53 
36,585.13 
939,820.50 
142,963.96 
41,072.49 
58,409.70 
n. s. 
n.s. 
n.s. 
h. s. 
h.s. 
16 
57 
52.736.45 n.s. 
61,246.33 n.s. 
4,516,908.23 h.s. 
1,680,180.10 h.s. 
773,118.03 h.s. 
1,955,408.40 h.s. 
16,824.94 n.s. 
52.300.46 
Figure 28. Rye growth on a plot which received no nutrients 
in experiment IV. The hand denotes the average 
height. 
Figure 29. Rye growth on a plot which received 1^0 pounds 
each of N, P, and K in experiment IV. The hand 
denotes the average height. 
figure 30. Rye growth on a plot which received 300 pounds 
each of N, P, and K per acre in experiment IV. 
The hand denotes the average height. 
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Figure 31. Bromegrass stands with increasing nutrient 
levels and seeding rates in experiment IV. 
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Table 37. Numbers (N) and basal areas (A) of plants per 1/16 
milacre and per cent frequency (F) of their occur­
rence. Mixtures 1 through 4 are averages of 20 
quadrats, mixture 5 of 10, and mixture 6 of 5 
quadrats in experiment V. 
Grass „ Evaluation Seed mixtures*3 
species basis 1 2 3 4 5 6 
LB N 
A 
F 
0.75 
3.40 
40.00 
0.60 
2.35 
40.00 
2.20 
15.40 
70.0 
1.40 
15.40 
80.0 
BB N 
A 
F 
0.70 
3.30 
50.00 
0.05 
0.05 
5.00 
0.40 
1.70 
20.00 
0.20 
1.00 
20.00 
IG N 
A 
F 
0.10 
0.45 
10.00 
So.G N 
A 
F 
1.35 
17.35 
55.0 
0.50 
6.00 
30.00 
1.60 
25.80 
80.00 
Sw.G N 
A 
F 
5.85 
20.90 
95.00 
0.20 
1.40 
20.00 
0.60 
4.60 
60.00 
C.W. N 
A 
F 
0.25 
1.85 
15.00 
I.W. N 
A 
F 
0.45 
0.65 
45.00 
T N 
A 
F 
0.60 
1.70 
10.00 
0.20 
1.00 
20.00 
Total 
Total 
Average 
N 
A 
F 
1.55 7.85 0.25 0.45 
7.15 40.65 1.85 0.65 
65.00 100.00 15.0 45.0 
3.90 4.00 
26.20 47.80 
80.0 100.0 
LB Little bluestem 
BB Big bluestem 
IG Indian grass 
Sw.G Switchgrass 
I.W. Intermediate wheatgrass 
T Three-awn grass 
C.W. Created wheatgrass 
So.G. Sideoats grama 
Composition listed in Table 7. 
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and little bluestem to further testing, especially with added 
legumes and nutrients. 
The total plant counts and basal area values for the 
seeding mixture were highly significant (Table 38). The dif­
ference in plant number between mixtures 1 and 2 was highly -
significant. The differences between 1 and 3 and 3 and 4 were 
non-significant. The differences in basal area were highly 
significant between 1 and 2, significant between 1 and 3, and 
non-significant between 3 and 4. Mixture 2 was superior, 
therefore, to mixture 1, and mixtures 3 and 4 were decidedly 
inferior. 
Table 38. Analysis of variance of numbers of plants and 
total basal area per 1/16 milacre of experiment 
V in western Iowa in 1956. 
Source of variance D.F. Mean square 
Number 
Blocks 
Mixtures 
1 vs. 2 
1 vs. 4 
3 vs. 4 
Blocks x mixtures 
Basal area 
Blocks 
Mixtures 
1 vs. 2 
1 vs. 3 
3 vs. 4 
Blocks x mixtures 
3 69.08 
3 1,292.92 h.s. 
1 1,984.50 h.s. 
1 60.50 n.s. 
1 2.00 n.s. 
9 35.97 
3 247.73 
3 24,334.23 h.s. 
1 35,778.13 h.s. 
1 1,404.50 s. 
1 72.00 n.s. 
9 229.56 
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Experiment VI 
The backslopes were examined after they had been seeded 
and fertilized by a Finn hydroseeder. It was found that large 
stones and other even surfaces were covered with the milky-
appearing fertilizer solution and with alfalfa and grass seeds. 
The hydroseeder method is apparently an effective and uniform 
method of seed and fertilizer application. Figure 32 illus­
trates the slopes in this project and the flat area chosen for 
sampling. Figure 33 shows a 1/4 milacre quadrat frame around 
an area containing well-developed plants of sand dropseed. 
It is apparent from Table 39 that species performance 
varied with aspect. Sand dropseed developed high stand, di-
amter, and frequency values on slope I but not on slope 2. 
Alfalfa, however, proved better on slope 2. Bromegrass and 
the remaining grasses also developed better on slope 2. 
Stand and frequency of switchgrass were relatively high on 
both slopes, although its basal diameter per quadrat was rela­
tively small. Average values from the two slopes indicate 
that switchgrass, alfalfa, dropseed, and bromegrass developed 
sufficiently well under the circumstances to be worthy of fur­
ther testing. Many plants of sand dropseed were observed to 
be blooming 100 days after planting, indicating a desirably 
rapid development of this species. Bromegrass numbers and 
diameters were low, but its frequency percentage was moderate­
ly high. Additional testing of switchgrass and sand dropseed 
is desirable. 
Table 39. Numbers and diameters of plants per 1/16 milacre quadrat and per cent 
frequencies of their occurrence, averages of 24 quadrats on east-
facing slope (1), 24 on west-facing slope (2), and 48 on both slopes 
(ave.) from experiment VI south of Fraser. 
Species -Average number Average diameter Per cent freouencv 
1 2 ave. 1 2 ave. 1 2 ave. 
Switchgrass 1.58 4.71 3.15 0.25 0.00 0.13 65.5 82.3 72.9 
Sand dropseed 1.25 0.17 0.71 1.56 0.04 0.80 5o.o 12.5 31.3 
Alfalfa 0.21 18.46 9.34 0.00 1.08 0.54 16.7 91.7 54.2 
Bromegrass 0.21 1.00 0.61 0.00 0.00 12.5 41.7 27.1 
Fescue 0.00 0.54 0.27 0.00 20.8 10.4 
Wheatgrass 0.00 0.17 0.09 0.00 8.3 4.2 
Orchardgrass 0.00 0.17 0.09 0.00 0.08 0.04 12.5 6.3 
Foxtail 0.00 0.04 0.02 0.00 0.08 0.04 4.2 2.1 
Leptoloma 0.04 0.00 0.02 0.06 0.03 4.2 4.1 
Echinochloa 0.00 0.04 0.02 0.00 0.08 0.04 4.2 2.1 
Figure 32. Backslopes in experiment VI showing flat area 
chosen for sampling. 
Figure 33. Well-developed plants of sand dropseed within a 
1/4 milacre quadrat frame in experiment VI. 
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Experiment VII 
Plant populations of all species were reduced at the high­
est nutrient level, probably due to high nutrient concentration 
resulting from the evaporation of water at the soil surface. 
The fourth nutrient level also resulted in slightly reduced 
populations, but it was not as severely detrimental as was the 
highest level. Response to the fourth and fifth nutrient 
levels in the graphs are connected by dashed lines to indicate 
that the response to the fifth level was modified by nutrient 
concentrations. It is anticipated that this same amount of 
nutrients would have become dispersed through a greater soil 
volume in the field, and that it would not have been as toxic. 
It was noted that the effect of high nutrient concentrations 
on oats was similar to that on bromegrass and alfalfa plants. 
Response of the mixture (alfalfa plus brome), alfalfa 
fraction, brome fraction, and oats to nutrient levels and oat 
populations was measured by dry weight (Table 40). An analy­
sis of variance (Table 41) was performed on the dry weights. 
Stem counts per crock were also determined during the first 
harvest (Table 42). The differences among responses to nutri­
ent levels and to oat rates were highly significant (Table 41). 
The Interaction between nutrient level and oat rate was highly 
significant for the mixture, brome fraction, and oats, but it 
was non-significant for alfalfa. 
The dry weight of the alfalfa-brome mixture decreased 
123 
Table 40. Dry weight yields of alfalfa, brome, and oats in 
the first harvest of greenhouse experiment VII, 
averages of five replications. 
Treatments Dry weight yield, grams per crock 
Oats Fertilizer 
Alfalfa 
fraction 
Brome 
fraction 
Alfalfa 
brome Oats 
0 0.000 1.51 0.55 2.06 «a 
1.004 3.72 3.33 7.05 — — — — 
2.008 3.70 5.39 9.09 — — — — 
4.017 2.59 7.60 10.19 
8.034 1.69 3.79 5.48 — — — — 
3 0.000 1.94 0.25 2.19 0.59 
1.004 3.49 1.70 5.19 2.79 
2.008 3.07 3.28 6.35 4.13 
4.017 2.30 5.19 7.49 3.94 
8.034 1.30 3.92 5.22 2.44 
6 0.000 1.71 0.21 1.92 1.00 
1.004 3.14 1.02 4.16 4.26 
2.008 2.15 1.97 4.12 6.04 
4.017 2.07 3.96 6.03 4.68 
8.034 1.90 2.93 4.83 5.06 
12 0.000 1.37 0.18 1.55 1.59 
1.004 1.92 0.62 2.58 5.06 
2.008 2.11 0.99 3.10 8.74 
4.017 1.16 1.96 3.12 8.74 
8.034 1.05 3.42 4.47 6.41 
Response to oat rates averaged over nutrient levels 
0 2.64 4.13 6.77 0.00 
3 2.42 2.8 7 5.29 2.78 
6 2.19 2.02 4.21 4.21 
12 1.52 1.43 3.27 6.09 
Response to nutrient levels averaged over oat rates 
0.000 1.63 0.30 1.93 1.06 
1.004 3.07 1.67 4.75 4.04 
2.008 2.76 2.91 5.67 6.28 
4.017 2.03 4.68 6.71 5.79 
8.034 1.49 3.52 5.00 4.64 
a0ats, plants per crock. 
^Fertilizer, grams of 10-20-10 per crock. 
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Table 41. Analysis of variance of dry weight yields of brome-
grass plus alfalfa, bromegrass, alfalfa.and oats 
from the first harvest of a greenhouse experiment 
(VII). 
Source of variation D.F. Mean square 
Alfalfa plus bromegrass 
Treatments 19 28.77 h.s. 
Nutrient levels 4 63.29 h.s. 
1 vs. 2 1 78.96 h.s. 
2 vs. 3 1 24.18 h.s. 
3 vs. 4 1 62.25 h.s. 
4 vs. 5 1 29.16 h.s. 
Oat rates 3 65.67 h.s. 
1 vs. 2 1 27.63 h.s. 
2 vs. 3 1 14.55 h.s. 
3 vs. 4 1 19.62 h.s. 
Nutrient level x oat rates 12 8.04 h.s. 
Error 80 1.10 
Bromegrass 
Treatments 19 20.60 h.s. 
Nutrient levels 4 57.22 h.s. 
1 vs. 2 1 18.91 h.s. 
2 vs. 3 1 15.44 h.s. 
3 vs. 4 1 31.24 h.s. 
4 vs. 5 1 13.49 h.s. 
Oat rates 3 34.38 h.s. 
1 vs. 2 1 20.02 h.s. 
2 vs. 3 1 9.10 h.s. 
3 vs. 4 1 4.22 h.s. 
Nutrient level x oat rates 12 4.96 h.s. 
Error 80 0.61 
Alfalfa 
Treatments 19 3.47 h.s. 
Nutrient levels 4 9.64 h.s. 
1 vs. 2 1 20.59 h.s. 
2 vs. 3 1 0.98 n.s. 
3 vs. 4 1 5.29 s. 
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Table 41. (Continued) 
Source of variation D.F. Mean square 
4 vs. 5 
Oat rates 
1 vs. 2 
2 vs. 3 
3 vs. 4 
Nutrient level 
Error 
Oats 
Treatments 
Nutrient levels 
1 vs. 2 
2 vs. 3 
3 vs. 4 
4 vs. 5 
Oat rates 
2 vs. 3 
3 vs. 4 
Nutrient level 
1 
1 
1 
x oat rates 12 
1 
1 
1 
1 
1 
1 
80 
14 
x oat rates 8 
2.98 
5.85 
"0.61 
0.64 
5.65 
0.82 
0.83 
30.49 
62.89 
49.77 
28.19 
1.33 
7.42 
69.15 
25.45 
44.59 
4.62 
n.s. 
h.s, 
n.s. 
n. s. 
s. 
n.s. 
h.s. 
h.s. 
h.s, 
h.s. 
n.s. 
h. s. 
h.s. 
h.s. 
h.s. 
h. s. 
Error 80 0.88 
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Table 4-2. Number per crock of alfalfa, brome, and oat stems, 
exceeding 10 cm. in height in the first harvest of 
a greenhouse experiment (VII), averages of five 
replications. 
Treatments Number of stems per crock 
Alfalfa Brome Alfalfa 
Oats3 Fertilizer k fraction fraction + brome Oats 
0 0.000 19.2 15.6 34.8 ^ 
1.004 29.4 23.2 52.6 — — • — 
2.008 28.4 25.8 54.2 — — — — 
4.017 23.4 34.0 57.4 — — — — 
8.034 17.2 19.8 37.0 — — — — 
3 0.000 22.4 11.4 33.8 5.4 
1.004 28.6 18.0 46.6 13.6 
2.008 26.6 24.4 51.0 22.4 
4.017 19.0 29.8 48.8 21.8 
8.034 13.0 20.0 33.0 14.6 
6 0.000 20.2 9.6 29.8 12.0 
1.004 31.4 15.4 46.8 25.6 
2.008 22.8 17.4 40.2 32.4 
4.017 18.8 24.8 43.6 32.4 
8.034 13.6 17.4 31.0 31.0 
12 0.000 19.4 7.0 26.4 24.0 
1.004 22.0 14.6 36.6 36.0 
2.008 21.2 15.2 36.4 50.2 
4.017 14.0 16.4 30.4 62.8 
8.034 10.8 22.8 33.6 43.0 
Response to oat rates averaged over nutrient levels 
0 23.5 23.7 47.2 00.0 
3 21.9 20.7 42.6 15.6 
6 21.4 16.9 38.3 26.7 
12 17.5 15.2 32.7 43.2 
Response to nutrient levels averaged over oat rates 
0.000 20.3 10.9 31.2 13.8 
1.004 27.9 17.8 45.7 25.1 
2.008 24.8 20.7 45.5 35.0 
4.017 18.8 26.1 44.9 39.0 
8.034 13.7 20.0 33.7 29.5 
aOats, plants per crock. 
F^ertilizer, grams of 10-20-10 per crock. 
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with increasing oat stand per crock (Figure 34-). The average 
weight of the mixture fell from 6.77 to 3.27 grams per crock 
as oats increased from none to an amount equivalent to three 
bushels per acre (Table 40). The average number of stems of 
the mixture correspondingly dropped from 47.2 to 32.7 per 
crock (Table 42). Bromegrass, at the above rate of oats, 
fell from 4.13 to 1.43 grams and from 23.7 to 15.2 stems per 
crock, Alfalfa decreased from 2.64 to 1.52 grams and from 
23.5 to 17.5 stems per crock. Responses of bromegrass and of 
alfalfa fractions to oat populations are shown in Figures 35 
and 36. The decrease in the bromegrass fraction with in­
creasing oat populations was greater than that of alfalfa, 
particularly at the lower level of oats. The decline of the 
mixture was, of course, determined by the sum of the fractions. 
The increase in dry weight of oats with increasing oat stand 
can be noted in Tables 37 and 38. Depression of brome, al­
falfa, and mixture can also be seen in Figure 38. The effect 
of oat populations upon the yield of the mixture can be seen 
in Figures 40, 41, and 42. The greatest increase in weight of 
oats with population was observed between the two lowest oat 
populations. The rate of increase beyond this point was some­
what reduced. Table 42 shows that the rate of increase in oat 
stems was not proportionate to the increasing oat populations 
but became reduced at the higher populations. The low oat 
populations tillered more than the high populations, thereby 
reducing somewhat the expected differences in weight due to 
Figure 34. Dry weight of mixture (alfalfa and brome) with 
increasing nutrient levels and increasing oat 
populations in experiment VII in the greenhouse. 
The dashed line indicates that the last point 
is questionable, 
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Figure 35. Dry weight of brome fraction with increasing 
nutrient levels and increasing oat populations 
in experiment VII in the greenhouse. 
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Figure 36. Dry weight of alfalfa fraction with increasing 
nutrient levels and increasing oat populations 
in experiment VII in the greenhouse. 
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Figure 37. Dry weight of oats with increasing nutrient 
levels and increasing oat populations in 
experiment VII in the greenhouse. 
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Figure 38. Dry weight of mixture, alfalfa fraction, brome 
fraction, and oats with increasing oat popu­
lations in the first harvest of experiment VII. 
Figure 39. Dry weight of mixture, alfalfa fraction, and 
brome fraction with increasing initial oat popu­
lations in the second harvest of experiment VII. 
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Figure 40. Upper lefts response of brome-alfalfa to increasing populations of 
oats with no nutrients added in experiment VII. The numbers 0, 1, 
2, and 4 refer to oat populations of 0. 3, 6, and 12 plants per 
crock, respectively, and are equivalent to seeding rates of 0.00, 
0.75, 1.50, and 3.00 bushels per acre. 
Figure 41. Upper right: response of brome-alfalfa to increasing populations of 
oats with the equivalent of 750 pounds of 10-20-10 added. 
Figure 42. Lower left: response of brome-alfalfa to increasing populations of 
oats with the equivalent of 1500 pounds of 10-20-10 added. Note the 
development of brome. 
Figure 43. Lower right: response of brome-alfalfa to increasing nutrient levels 
without oats. The numbers 0, 1, 2, 4, and 8 on the crocks refer to 
nutrient levels of 0.000, 1.004. 2.008, 4.017, and 8.034 grams per 
crock or 0, 375, 750, 1500 and jOOO pounds per acre of 10-20-10. 
Note the development of brome with increasing nutrient levels. 
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population. The differences between oat rates 1 and 2, 2 and 
3, and 3 and 4 were all highly significant. The corresponding 
decreases in weight of brome and of mixture were also all 
highly significant. Non-significant yield depressions of al­
falfa were found among the first three oat rates, but the dif­
ference between the third and fourth oat rates was signi­
ficant (Table 41). 
Increasing nutrient levels resulted in increasing weight 
yields of all three species (Figures 35, 36, 37, and 43). 
Oats increased through the third nutrient level and then de­
clined, the slope of the curve increasing slightly with in­
creasing oat population (Figure 37). Alfalfa reached a maxi­
mum yield in the second nutrient level, at 0, 3, and 6 oat 
plants per crock, and in the third nutrient level at 12 oat 
plants per crock (Figure 36). Brome response to nutrient 
level was almost linear through the fourth level and then de­
clined in most cases (Figure 35)• The slope of this response 
curve decreased as the oat population increased. The brome-
alfalfa mixture increased through the fourth nutrient level 
and then generally declined (Figures 30 and 43). The slope 
of the response of the mixture to nutrient levels increased 
as oat rate decreased. The response of the three species, as 
measured by number of stems (Table 42), corresponded closely 
to the weight yields (Table 40). 
Increases in oat response among the first three nutrient 
levels were highly significant (Table 41). There was no 
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significant difference between the third and fourth levels, 
but the decrease between the fourth and fifth levels was 
highly significant. There was a highly significant increase 
in alfalfa yield between the first two nutrient levels and a 
significant decrease between the third and fourth. No signi­
ficant differences existed between the second and third and 
between the fourth and fifth levels. All the differences in 
yield of brome and of the mixture among nutrient levels were 
highly significant. 
The overall results indicate increasing yield of brome 
and brome-alfalfa through the fourth nutrient level, increas­
ing yield of alfalfa through the second level, and increasing 
yield of oats through the third level. Stem numbers were 
proportional to weight yield. The fourth nutrient level, 150 
pounds of N, 300 pounds of P2O5, and 150 pounds of K20,brought 
about the greatest yield of the mixture in this experiment. 
Alfalfa declined beyond the second nutrient level, probably as 
a result of increased competition from the grasses. Increased 
growth of the grasses may have resulted in increased competi­
tion for water. The brome and oat plants could have reduced 
the light intensity somewhat, but it is felt that the stand 
was sufficiently open to have prevented this possibility. 
Since light and nutrients probably were not limiting, it is 
possible that competition for water may have been the deciding 
factor in the decrease of the legume fraction with increasing 
nutrient level. 
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After the plants had been clipped from the crocks, they 
were allowed to regrow without further treatment and were har­
vested a second time. The regrowth was largely alfalfa, al­
though bromegrass contributed considerably to the total at the 
highest nutrient level. The weight of the mixture declined 
from 11.52 to 9.84 grams per crock in response to initial oat 
populations of plants per crock, respectively (Table 43). 
Brome declined from 3.03 to 1.49 grams, and alfalfa declined 
from 8.48 grams to 8.35 grams in response to the same initial 
oat population. The analysis of variance for the second har­
vest (Table 44) indicated that dry weight differences among 
the initial oat rates were highly significant for the mixture 
and for bromegrass but were non-significant for alfalfa. The 
number of stems per crock (Table 45) again corresponded to the 
dry weight. Differences between adjacent initial levels of 
oats were all non-significant for brome, alfalfa, and the mix­
ture (Table 45), although the differences in weight of mixture 
and of brome among oat rates were highly significant. 
Dry weignt of alfalfa increased between the first and 
second nutrient levels and then declined (Figure 44). The 
highest alfalfa yields were obtained from the second nutrient 
level. The differences among alfalfa yields due to nutrient 
levels were highly significant (Table 44). Bromegrass in­
creased uniformly through the fourth nutrient level and then 
increased sharply (Figure 45), presumably due to residual nu­
trients. The yield of the mixture also increased with in-
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Table 43. Dry weight yields of the second harvest of a mixture 
of alfalfa and brome in a greenhouse experiment 
(VII), averages of five replications. 
Treatments Dry weight yield, grams per crock 
, Alfalfa Brome Alfalfa 
Oats Fertilizer fraction fraction + brome 
0 0.000 8.61 0.29 8.90 
1.004 8.36 1.26 9.62 
2.008 10.49 2.07 12.56 
4.017 9.32 2.89 12.21 
3 0.000 9.29 0.10 9.39 
1.004 10.92 0.80 11.72 
2.008 9.35 1.91 11.26 
4.017 9.04 2.80 11.84 
8.034 5.88 6.88 12.76 
6 0.000 8.25 0.09 8.34 
1.004 10.89 0.66 11.55 
2.008 8.96 0.82 9.78 
4.017 9.29 1.95 11.24 
8.034 6.31 6.30 12.61 
12 0.000 8.36 0.06 8.42 
1.004 9.58 0.32 9.00 
2.008 9.33 0.51 9.84 
4.017 8.88 1.00 9.88 
8.034 5.59 5.58 11.17 
Response to oat rates averaged over nutrient levels. 
0 8.48 3.03 11.52 
3 8.90 2.50 11.39 
6 8.74 1.96 10.70 
12 8.35 1.49 9.84 
Response to nutrient levels averaged over oat rates. 
0.000 8.63 0.14 8.76 
1.004 9.94 0.76 10.70 
2.008 9.53 1.33 10.86 
4.017 9.13 2.16 11.29 
8.034 5.86 6.85 12.71 
aOats, plants per crock. 
^fertilizer, grams of 10-20-10 per crock. 
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Table 44. Analysis of variance of dry weight yields of brome­
grass plus alfalfa, bromegrass, and alfalfa, from 
from the second harvest of a greenhouse experiment 
(VII) . 
Source of variation D.F. Mean square 
Alfalfa plus bromegrass 
Treatments 
Nutrient levels 
1 vs. 2 
2 vs. 3 
3 vs. 4 
4 vs. 5 
Oat rates 
1 vs. 2 
2 vs. 3 
3 vs. 4 
Nutrient levels x oat rates 
1 
1 
1 
1 
1 
1 
1 
Error 
Bromegrass 
Treatments 
Nutrient levels 
1 vs. 2 
2 vs. 3 
3 vs. 4 
4 vs. 5 
Oat rates 
1 vs. 
2 vs. 
3 vs. 
Nutrient levels 
2 
3 
4 
12 
1 
1 
1 
1 
3 
1 
1 
1 
x oat rates 12 
19 
80 
19 
13.08 h.s. 
h.s. 
h.s. 
n.s. 
n.s. 
s. 
h.s. 
n.s. 
n. s. 
n.s. 
40.17 
37.50 
0.24 
1.93 
20.04 
14.81 
0.18 
5.92 
9.36 
3.62 n. s. 
2.99 
error 80 
32.84 h.s. 
143.74 h.s. 
3.91 n.s. 
3.20 n.s. 
6.99 s. 
220.10 h.s. 
11.04 h.s. 
3.54 n.s. 
3.56 n.s. 
2.78 n.s. 
1.32 n.s. 
1.18 
Alfalfa 
Treatments 
Nutrient levels 
1 vs. 2 
2 vs. 3 
3 vs. 4 
1 
1 
1 
19 12.83 h.s. 
52.34 h.s. 
17.20 s. 
1.68 n.s. 
1.56 n.s. 
145 
Table 44 (Continued). 
Source of variation D.F. Mean square 
4 vs. 5 1 107.32 h.s. 
Oat rates 3 1.52 n.s. 
1 vs. 2 1 2.11 n.s. 
2 vs. 3 1 0.30 n. s. 
3 vs. 4 1 1.94 n. s. 
Nutrient levels x oat rates 12 2.50 n.s. 
Error 80 2.91 
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Table 45. Number per crock of alfalfa and brome stems ex­
ceeding 10 cm. in height from the second harvest 
of a greenhouse experiment (VII), averages of 5 
replications. 
Treatments Number of stems oer crock 
a H Alfalfa Brome Alfalfa-brome 
Oats Fertilizer fraction fraction total 
0 0.000 35.0 3.2 39.8 
1.004 35.0 14.4 49.4 
2.008 37.4 15.8 53.2 
4.017 33.4 22.6 56.0 
8.034 19.8 35.8 55.6 
3 0.000 35.2 0.6 35.8 
1.004 40.0 11.0 57.0 
2.008 32.6 17.4 50.0 
4.017 35.2 23.8 59.0 
8.034 19.4 25.0 44.4 
6 0.000 34.6 1.4 36.0 
1.004 55.8 9.0 64.8 
2.008 31.0 15.4 46.4 
4.017 30.2 20.0 50.2 
8.034 22.4 28.8 51.2 
12 0.000 38.0 0.8 38.8 
1.004 33.8 4.8 38.6 
2.008 35.0 8.4 43.4 
4.017 31.4 9.2 40.6 
8.034 21.2 28.6 49.8 
Response to oat 
0 
3 
6 
12 
rates averaged 
32.4 
34.8 
31.9 
over nutrient levels 
18.4 50.8 
15.6 48.0 
14.9 49.7 
10.4 42.2 
Response to nutrient levels averaged over oat rates 
0.000 36.1 1.5 37.6 
1.004 41.2 9.8 51-0 
2.008 34.0 14.3 48.3 
4.017 32.6 18.9 51.5 
8.034 20.7 29.6 50.3 
aOats, plants per crock. 
F^ertilizer, grams of 10-20-10 per crock. 
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creased with increasing nutrient levels. The differences 
among yields of brome and of the mixture due to nutrient levels 
were also highly significant (Table 44). The increase in al­
falfa yield between the first and second nutrient level was 
significant, the decrease between the fourth and fifth levels 
was highly significant, and the differences between the sec­
ond and third and between the third and fourth levels were 
non-significant. Brome yields among the first three initial 
levels were non-significant, the difference between the third 
and fourth levels was significant, and the difference between 
the fourth and fifth levels was highly significant. The yield 
differences for the mixture were highly significant between the 
first and second nutrient levels, significant between the 
fourth and fifth, and non-significant among the remainder 
(Table 44). The decrease in alfalfa yield between the fourth 
and fifth nutrient levels was probably due to competition from 
brome at the fifth level. 
The response of bromegrass to high initial nutrient 
levels is of importance, since brome is the more desirable of 
the two species for prevention of erosion (32). Brome is 
quite dependent upon external sources of nitrogen, whereas 
alfalfa can develop relatively well even on poor soil. The 
competitive effect of the oat populations might be increased 
in the field, since light was not excluded to the degree that 
it might have been under a closed stand. It would be desir­
able to repeat this experiment under field conditions. 
Figure 44. Dry weight (grams) of alfalfa fraction per crock 
in response to initial levels of nutrients and 
increasing populations of oats in the second 
harvest of experiment VII in the greenhouse. 
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Figure 45. Dry weight (grams) of brome fraction per crock 
in response to initial increasing levels of 
nutrients and increasing populations of oats in 
the second harvest of experiment VII in the 
greenhouse. 
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DISCUSSION 
Rate of Seeding 
Initial stands in both northwest and southeast Iowa were 
observed to increase beyond the highest seeding rate (rate 64) 
which was approximately 400 pounds per acre in the Highway 
mixture (Figures 1 and 2). At the highest rate, initial total 
stands were higher than third year stands, indicating that this 
rate was unnecessarily high. Initial stands apparently in­
creased with seeding rate in a curvilinear manner, the great­
est rates of increase generally occurring at the lowest rates 
of seeding. Increasing initial bromegrass stand with in­
creasing seeding rate was also shown in experiment IV(Figure 
26). Since the stands from the lowest rates of seeding were 
initially slow in reproducing, due to low initial populations, 
these rates would be poor ones to depend on in the event of 
adverse environmental conditions. 
The net per cent returns (Table 16) indicate that the 
third highest rate (rate 16) of seeding was the best during 
the first three years. McDill (39) conducted the same experi­
ment near Ames, in central Iowa. He concluded that the second 
highest rate (rate 4) was the best in terms of stand per dol­
lar of cost. He based his calculations on total costs, how­
ever, rather than on variable (seed) costs. He listed a low 
fixed cost of -17 dollars, whereas recent fixed costs have 
ranged from 40 to 90 dollars per acre. It was determined that 
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successively higher rates of seeding can be shown to be most 
economical on this basis simply by raising the fixed costs 
successively. Since fixed costs vary from year to year, and 
since they have been relatively high in recent years, it was 
felt that there was more justification for using an evalu­
ation system based on variable costs, as was done. McDill1 s 
data, when calculated on the basis of net returns instead of 
on the basis of stand per dollar of cost, also indicate that 
the third rate of seeding was most economical in the third 
year. 
It was noted that even the lowest rate of seeding (ap­
proximately 6.25 pounds per acre) usually produced an adequate 
stand under favorable conditions if given sufficient time. It 
appeared that failure of establishment occurred early and with­
out relation to rate of seeding. It follows, therefore, that 
conditions for early growth should be made as favorable as 
possible and that the lower rates of seeding can then be used 
effectively if necessary. Furthermore, if there is a limited 
quantity of nutrients available, then only a certain quantity 
of dry matter can be produced, and increasing the initial 
stand can only result in low yield per plant, lack of vigor, 
and high mortality with competition, especially in dry years. 
The results of experiment IV (Figure 31) show increasing 
brome stands with rates of seeding and with addition of nutri­
ents. These are all initial stands, however, and do not 
necessarily reflect what the second and third year's stands 
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might be. The first nutrient level yielded stands comparable 
to those of experiment I at the low rates of seeding, but it 
resulted in much greater stands at higher rates of seeding. 
Apparently efficiency of rate of seeding was increased by ad­
dition of nutrients. Nearly complete stand failures occurred 
at all seeding rates without added nutrients. 
Legumes and Grasses 
Alfalfa and yellow sweetclover produced the greatest 
yields of plants, stems, and dry matter of all the legumes 
studied. Sweetclover, however, is less desirable for seeding 
on blackslopes due to its rank growth habit which affords very 
little protection at ground level. The importance of ground 
cover in the prevention of erosion has been stressed by Kramer 
and Weaver (32). Maintenance mowing of the backslope vege­
tation often coincides with time of blooming of sweetclover, 
resulting in death of the plants prior to seed formation. 
Vernal and nomad alfalfa were superior to ranger in one experi­
ment (II), but vernal and ranger development were similar in 
another (III). The higher cost of seed of vernal and nomad 
alfalfas would prohibit their use at present. Alfalfa, because 
it has proved to be the best legume to use in terms of yield, 
degree of establishment, and rapidity of development. 
The performance of Korean lèspedeza in the southern half 
of the state in recent seedings and in naturally colonized 
areas has been remarkably good. This species is not aggressive, 
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but it produces considerable quantities of seedlings on bare 
soil in the southern half of the state (Figures 22 and 23). 
Lespedeza usually produces good stands in the first few years 
and declines as competition from the alfalfa and grasses in­
creases (25). It is anticipated that lespedeza will colonize 
bare patches on the slopes, protecting them from erosion until 
invasion by more aggressive species occurs. This is especially 
true in relation to new seedings of birdsfoot trefoil. 
Experiment I(Tables 11 and 18) and routine seedings in 
the 1954-, 1955, and 1956 seasons indicated that alfalfa pro­
duced the greatest initial stand and cover. Red and alsike 
clovers produced relatively good stands where soil moisture 
and fertility were favorable, but they produced very poor 
stands on the infertile subsoil. These two species were most 
often found near the top of a backslope or near the ditch at 
the base of a backslope. Brome stands were also reduced with 
infertile soil and dry conditions in these seasons. The de­
pendence of brome on fertility is shown in experiments III, IV, 
and VII. There are indications that competition between 
grasses and legumes during establishment is important (Tables 
32, 33, and 40). When brome was seeded with a legume that 
developed poorly, such as trefoil or the vetches, instead of al­
falfa or sweetclovers, greater stands of brome resulted. Be­
cause of grass-legume competition, a study of the proportions 
of grasses and legumes to seed with varied nutrient levels 
would seem necessary. Excellent brome growth was observed in 
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the spring of 1957 on plots of sweetclover. The growth of 
brome in sweetclover with no added nutrients far exceeded its 
growth when seeded at double the rate without a legume but 
with added nutrients. 
Initial stands of birdsfoot trefoil were adequate in ex­
periment II, but most of the plants were only a few inches 
tall in the second season, and the stand per unit area de­
creased markedly (Table 23). Growth of trefoil at location A 
was greater than at locations B and C in experiment III 
(Tables 27, 32, and 33). Trefoil developed well at location 
A, but it was still inferior to alfalfa and sweetclover. The 
cover of trefoil was severely reduced at location C in con­
trast with location A. The corresponding reduction of al­
falfa was only slight. Trefoil grew well above the till, how­
ever, in location C. Observations were also made on a seeding 
near What Cheer, Iowa, in which trefoil development with time 
was good only on a red feretto (55) zone having a low pH. 
Less plant growth is usually observed on this zone than on 
adjacent zones. Apparently the competition from brome and al­
falfa was sufficient to inhibit trefoil, and it became es­
tablished well only where the other species did not grow well. 
Trefoil produced seed and migrated into similar adjacent 
areas on which it had not been seeded. 
Crown vetch and hairy vetch were seeded in experiment 
III, and their development was very poor (Tables 27, 32, and 
33). Crown vetch was observed to be an excellent cover-
157 
producing species, and it has been successfully used in back-
slope seeding in Pennsylvania (15). Although it proved to be 
difficult to establish under the prevailing conditions, it 
produced such heavy cover that studies on its establishment 
might be profitable. 
Observations of experiments and routine seedings in the 
1954-, 1955, and 1956 seasons indicate that, under the pre­
vailing climatic conditions, birdsfoot trefoil, crown vetch, 
hairy vetch, red clover, and alsike clover did not become es­
tablished or grow well enough to justify their inclusion in 
seeding mixtures for general backslope seeding at the present 
time. Birdsfoot trefoil and crown vetch would be excellent 
species for such use if they could be quickly and success­
fully established, since they are perennial, long-lasting and 
wide-spreading, but the probability of their failing is ap­
parently quite great. 
The results of experiment V in western Iowa showed that 
sideoats grama, switchgrass, and little bluestem developed 
best of all the native grasses seeded (Table 37). Bluestem 
mixtures seeded in experiments II and III resulted in very 
poor stands on till (Tables 23, 32, and 33) but developed 
better on the overlying loess. Switchgrass and sand dropseed 
developed well in experiment VI (Table 39) on till. Sideoats 
grama, switchgrass, sand dropseed, and little bluestem, there­
fore, deserve future trials with legumes and nutrients. The 
greenhouse work of Peperzak (4-9) indicated beneficial 
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responses of grasses to 300 pounds per acre each of N and P2O5 
on calcareous loess similar to that of experiment V. Better 
results in experiment V might have been obtained if the ferti-
tility of the soil had been properly amended. 
Bromegrass and intermediate wheatgrass proved to be the 
best of the grasses tested in southern and central Iowa;ini1954 
and 1955 on the basis of stand and yield (Tables 23, 32, and 
33). Brome proved slightly inferior to wheatgrass, but it is 
very desirable because of its production of ground cover and 
rhizomes (32). Alta fescue, timothy, creeping red fescue, 
bluestem mixture, and little bluestem mixture proved to be 
very inferior to the two grasses mentioned above. The native 
grass mixtures were noted to develop better on loess than on 
the underlying till. Sideoats grama, sand dropseed, switch-
grass, and little bluestem are the native grasses deserving 
further testing. 
Alta fescue, redtop, and Kentucky bluegrass were included 
in the Complete mixture in experiment I. These grasses con­
tributed to stand counts in the first three years and then 
declined (Tables 45 through 55)• Their contribution is some­
what misleading, however, since the individuals were lacking 
in vigor. Bromegrass was very aggressive with time, and it 
is probable that brome competition for light and soil factors 
may have been the cause for the suppression of the remaining 
grasses. Soil moisture or soil nutrient conditions or both 
may have been more favorable in experiment I than in 
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experiments II and III, since brome, alta fescue, red clover 
and alsike clover became better established in the first than 
in the latter experiments. McDill (39) also concluded that 
the alta fescue, bluegrass, and redtop of the Complete mixture 
and alsike clover were virtually valueless from results of his 
experiment south of Ames, Iowa, although alta fescue has ap­
parently been used successfully in West Virginia (40) and in 
Pennsylvania (15). It may be that untreated sub-soil is too 
low in fertility for the establishment of these species. 
Nutrient Levels 
Nutrient levels were applied as treatments in experiments 
II, III, IV, and VII. Application of 60 pounds of N and 120 
pounds of P2O5 per acre brought about an increase of approxi­
mately 2.5 times the number of alfalfa plants and 7 times the 
number of alfalfa stems of the control per unit area in the 
second year after seeding (Table 23). These increases were 3 
times and 5 times, respectively, in the third year. Applica­
tion of 80 pounds each of N and P and 40 pounds of K per acre 
brought about average yields of 54.0, 54.0, and 13.7 grams of 
oats per 1/16 milaere as compared to respective yields of 
12.4, 3.4, and 3-0 of untreated oats. It is evident from 
these responses that the addition of nutrients in appropriate 
quantities and kinds can bring about considerable increases 
in stand and yield of plants on infertile subsoil. The rate 
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of development of vegetation can therefore be increased, and 
it may be possible to establish protective cover, with the 
proper treatment, before erosion can begin. 
Four field experiments and one greenhouse experiment in­
volving varied levels of nutrient mixtures were initiated 
with the idea of finding the range of nutrient levels yielding 
the most satisfactory results. Three of these, a 1955 experi­
ment on nutrient levels and two 1956 experiments on nutrient 
levels x grass species and nutrient levels x rates of seeding 
x rates of companion crop, were completely destroyed by mid-
season droughts after good initial establishment. The basic 
level of experiment VII in the greenhouse was 375 pounds of 
10-20-10 per acre. The levels applied were equivalent to 0, 
1, 2, 4, and 8 times this quantity. The fifth and to some 
extent the fourth levels brought about a decrease of the plant 
populations due to high concentration of nutrient compounds. 
Nearly linear yield responses to nutrient level were found 
for oats between the first and third levels (Figure 37) and 
for brome between the first and fourth (Figure 35)• It is 
anticipated that increasing response to nutrient levels might 
have continued through the high levels under field conditions 
since the same quantity of nutrients might have become dis­
persed through a larger soil volume. Furthermore, the fourth 
nutrient level of experiment VII was similar to the third in 
experiment IV, which brought about substantial increases in 
brome stand and rye yield. No increase in yield of oats 
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occurred beyond the third level in experiment VII, but the 
yield of rye increased through the fourth level in experiment 
TV which was comparable to the fifth level in experiment VII, 
substantiating the presumption that the responses to nutrient 
levels in experiment VII might have been greater under field 
conditions. It can be concluded, therefore, that the addition 
of 1500 pounds of 10-20-10 is within the range of levels 
bringing about substantial increases in brome, cereals, and 
brome-alfalfa mixture. It should be emphasized that rye yield 
was nearly linear through a level.of 300 pounds each of N, P, 
and K in experiment IV (Figure 25), and that brome response 
in the second harvest of experiment VII was greatest at the 
highest level (3000 pounds of 10-20-10) after the plants had 
become well established (Figure 45). 
Levels of 0, 1, 2, and 4 times a basic rate of 75 pounds 
each of N, P, and K per acre were applied in experiment IV. 
The average brome stand increased markedly through the first 
three nutrient levels and then declined, presumably due to 
competition. The increase in brome stand from 2.9 to 446.0 
plants per 1/4 milacre at the 60 pound rate of seeding between 
the first and second nutrient levels was remarkable (Table 
35)• Increasing nutrient levels, therefore, are noted to in­
crease the establishment of seedlings. Increases in dry weight 
of brome in experiment VII with added nutrients were also ob­
served to be quite large (Figures 35 and 45). Increases in 
alfalfa yield with added nutrients were not as great since its 
162 
yield on untreated soil was relatively large and since brome 
was competitive (Figures 36 and 44). The most notable re­
sponses to increasing nutrient levels have been observed with 
brome, oats, and rye, with alfalfa increases being contrast­
ingly smaller. The generalization that grasses respond more 
markedly to nutrient levels than alfalfa can be tentatively 
accepted. The generally high N response of grasses that has 
been reported (5? 8, 56, 63) should be stressed here. 
Anderson, et a_l. (2) reported that the greatest responses of 
brome to varied N levels with time resulted from the highest 
rate used (200 pounds N per acre), which again emphasizes the 
high response of brome to N. 
Soil tests on the Kansan till used in experiment II and 
VII indicated virtually no nitrifiable N or available P, al­
though sufficient exchangeable K was present for the growth 
of plants. It was not known whether the responses were to one 
of the nutrients or to the combination. The greenhouse data 
of Peperzak (49) on Kansan till, however, indicate only a 
slight response of grasses to 300 pounds of either N or PgO^, 
but a remarkable response to the combination. He also found 
that K addition was beneficial to growth of grasses at high 
rates of N and P. He found, in another experiment, that opti­
mum response of sudan grass occurred with 100 pounds of N and 
300 pounds of P2O5. It is felt that 300 pounds of P2O5 and 
150 pounds of N per acre would be a reasonable rate to use on 
problem substrates until more extensive field tests are per­
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formed. 
Companion Crop Effect 
The inhibitory effect of small grain companion or nurse 
crops was first noted in locations A and B of experiment III 
(Figure 17). The percentage of legume cover was lower on sub­
plots which received added nutrients. Growth of the associ­
ated oats, which were seededuniformily through the area, was 
increased markedly by the nutrients. The decrease in legume 
cover can be attributed to oat competition, although it is 
recognized that the effects of oat growth and of nutrient 
level are confounded. Legume depression with nutrient ad­
dition was not found in location C where the growth of oats 
was retarded (Figure 17), leading to the conclusion that oat 
competition was the cause for the inhibition noted in lo­
cations A and B. It is also recognized that good crop land 
is probably more fertile than the subsoil dealt with in the 
experiment even after its amendment with nutrient compounds. 
It would seem unlikely that the quantities of the nutrient 
compounds that were used should have been inhibitory. 
Pritchett's (51) work in western Iowa showed that there was 
some inhibitory effect of fertilization alone, but that the 
major responsibility for the inhibition of forage species was 
attributable to the cereal species. 
An inhibition of bromegrass was observed in experiment TV 
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between the third and fourth levels (Figure 24). Rye weight 
increased with nutrient level (Figure 25). The brome stand 
also increased through the first three levels and then dropped. 
The effects of nutrient level and of rye competition on brome 
stand were again confounded, but it is likely that the inhi­
bition was due to the competitive effect of the rye for the 
reasons previously mentioned. It was also noted that there 
was no related inhibition of cereal yield with inhibition of 
brome stand as was observed with high nutrient concentrations 
in experiment VII (Figure 37). Wheat (69) found an increase 
in both oats and alfalfa with 20 pounds of N per acre, and he 
found that 40 pounds increased the oat yield but decreased 
the alfalfa stand by 25 per cent. This response is similar 
to the responses of brome and alfalfa to nutrient levels in 
experiment IV (Figure 24). Depressions of legumes grown with 
small grains were also found by Blackmon and Snell (4) and 
Nelson, et al. (45) with applications on cropland of 30 and 
40 pounds of N, respectively. 
The results of experiment VII also indicate the effect 
of competition between oats and brome-alfalfa in the green­
house. Depressions in yields and number of stems of alfalfa 
per crock resulted between nutrient levels two, three, and 
four (Tables 40 and 42). Yield and stand depression of both 
brome and alfalfa were obtained with increasing rates of oats 
(Figures 38 and 39). Depression of brome and alfalfa yield 
and stem number with increasing populations of oats was slight 
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at very low and very high nutrient levels. The depression was 
quite marked, however, at intermediate nutrient levels (Tables 
40 and 42). In other words, yield depression due to oats was 
slight at nutrient levels which did not greatly increase the 
growth of oats, brome, or alfalfa. Yield depression became 
quite pronounced, however, at nutrient levels which stimulated 
growth, possibly as a result of increased growth of the small 
grain. Another explanation might be that when the response of 
the brome or alfalfa is low, the effect of the competitor is 
slight, and that when growth of brome or alfalfa is stimulated, 
the control plants are stimulated much more than the ones with 
the small grain. The net result is that the depression due to 
the small grain is increased with nutrient level, even though 
the yield of both the control and the treated plants may be 
increased. In other cases (4, 45, 51, 69) absolute depressions 
of seedings by the companion crop have been observed with add­
ed nutrients. With low fertility, the grass-legume mixtures 
increased with nutrient level as did the small grain, but they 
declined due to competition while the small grain continued to 
increase with additional nutrients (Figures 17, 24 and 36). 
It has been established, therefore, that increasing 
populations of cereals have an increasingly competitive effect 
upon associated forage species, and that this competitive ef­
fect is intensified at nutrient levels that increase the 
growth of all the species involved. It is also known that in­
creasing the nutrient level is enough to intensify competition 
166 
from cereals and depress the associated species. Since it is 
anticipated that future nutrient applications to backslopes 
will increase in extent and in rate, it is felt that small 
grain companion or nurse crops should either be omitted en­
tirely or sown at extremely reduced rates. Field experiments 
designed to evaluate the effect of varied populations of 
small grains at varied nutrient levels will be necessary. 
Testing of species other than cereals for quick cover is also 
desirable, and it is hoped that less competitive species or 
varieties can be found for this purpose. 
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SUMMARY 
The effects of such treatments as rates of seedings, vari-
tions in the component species of grass-legume mixtures, 
levels of nutrients, and species and populations of small 
grain companion crops were studied with regard to their 
influence on the success of seeding for the prevention of 
erosion and for soil improvement on highway backslopes. 
The studies were conducted on backslopes in various parts 
of Iowa and in the greenhouse. Data were also taken in 
1954- and 1955 from a 1950 experiment to obtain a complete 
picture of the changes that occur in backslope vegetation 
with time. 
A curvilinear increase in total stand in response to 
seeding rate was found in two locations in the initial 
season with no apparent approach to a maximum response 
within the range of seeding rates studied (one-fourth, 
one, four and sixteen times the basic rates of the High­
way and Complete mixtures). 
Initial total stands of the grass-legume mixtures either 
increased or declined in the second year, but stands at 
all rates of seeding approached an equilibrium level of 
approximately 119 plants per 1/16 milacre in the third 
year and later. No significant differences were found 
between adjacent rates of seeding within years beyond the 
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third year in northwest Iowa or beyond the second year in 
southeast Iowa except between the two lowest rates. 
5. A method of computing net returns was devised, the results 
of which indicate that the third rate (rate 16) was the 
best one employed based on the stem counts of the third 
season on A and B horizons. These values showed that the 
Highway seed mixture was superior to the Complete mixture. 
The data of McDill (39) yielded the same information when 
treated in this manner. 
6. Grass stands were observed to increase with time, the 
rates of early production increasing with initial stands. 
Equilibration of grass stands among rates of seeding and 
among years had not been completed by the fifth and sixth 
years after seeding, particularly at the low levels of 
seeding. 
7. Legume stands decreased with time, probably as a result of 
competition from the increasing grasses. The stands of 
legumes became equilibrated at an approximate value of 5 
plants per 1/16 milacre by the fifth season after seeding. 
8. The final stands of both the Highway and the Complete mix­
tures were composed largely of alfalfa and bromegrass, 
the latter being the dominant species with time. Indi­
viduals of the remaining species were present in the fifth 
year, but they were suppressed and lacked vigor. 
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9. The deleterious effect of drought conditions on back-
slope seedings became apparent in 1954 through the 1956 
season when numerous failures of partly-established 
stands were observed. The harmful effects on seedings 
of large grasshopper populations that are associated with 
dry seasons was also noted. 
10. Alfalfa and yellow sweetclover were found to yield the 
greatest stand counts and quantities of dry matter of all 
the legumes tested, although the sweetclover is less 
desirable for slope protection. Vernal and nomad vari­
eties of alfalfa were higher yielding than ranger, but 
their use in mixtures for backslope planting is at present 
limited because of the high seed cost. 
11. Korean lespedeza was observed to grow and reproduce well 
on bare spots and poor soils in the southern part of the 
state, either when planted or naturally. Its inclusion 
in routine seeding in this area has now begun. 
12. Hairy vetch, crown vetch, birdsfoot trefoil, red clover, 
and alsike clover yielded poor stands under the pre­
vailing climatic conditions. Trefoil and crown vetch 
would be desirable for backslope seeding if more were 
known of their requirements for establishment. 
13. Intermediate wheatgrass and bromegrass were the highest 
yielding grasses seeded. The response of these species 
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to nutrients and to legume competition was marked. The 
development of grasses with time was slow unless the ap­
propriate nutrient treatments were applied. 
14. Sideoats grama, switchgrass, sand dropseed, and little 
bluestem were the best of the native grasses that were 
seeded according to stand count, basal development, and 
frequency value. 
15. The simultaneous application of seed and nutrient so­
lution to backslopes with a hydroseeder was found to be 
satisfactory, with respect to coverage and with respect 
to placement of seeds and nutrients in otherwise inacces­
sible places. 
16. Oats were found to be inhibitory to legume cover with in­
creased fertility. The application of 80 pounds each of 
N and P and 40 pounds of K per acre resulted in increased 
growth of the oats and depressed initial legume cover. 
17. The number of bromegrass seedlings was depressed by 
competition from winter rye as the rate of N, P, and K 
increased from 150 to 300 pounds of each per acre. Rye 
response was marked through the 300 pound nutrient level, 
and it is assumed that the brome stand might have in­
creased through this level had there been no rye competi­
tion. 
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18. The competitive effect of oats on brome and alfalfa in­
creased with population of oats in a greenhouse experi­
ment. The increase of dry weight of brome and alfalfa 
with the addition of nutrients was slight at high oat 
populations. The yield was nearly five times as great 
without oats at the fourth nutrient level as with the 
equivalent of three bushels of oats per acre. 
19. Brome and alfalfa responded to increasing nutrient levels 
as did the associated small grain. It was found, however, 
that their increase ceased and then declined while the 
small grain continued to increase. Competition from 
small grains is apparently slight with low fertility, but 
increases as their growth increases. This might explain 
why decreased grass-legume yield is not always found 
with the addition of nutrients in the field. 
20. Nearly linear dry weight increases of oats through the 
equivalent of 750- and of brome through the equivalent 
of 1500-pounds of 10-20-10 per acre were observed in a 
greenhouse experiment. Additional increases might have 
occurred if the nutrients had not been concentrated in 
a small volume of soil. 
21. Alfalfa yield declined as brome increased due to addition 
of nutrients, indicating a competitive relationship be­
tween these species. Brome became more competitive with 
172 
added nutrients, but its development was poor relative 
to alfalfa on infertile soil. 
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Table 46. 1950 plant counts of two seed mixtures at four 
rates of seeding on two soil horizons, averages of 
twelve 1/16 milacre quadrats in four replications 
of experiment I in northwest Iowa. 
Species and 
mixtures Horizon 
Seeding rates 
1 4 16 64 
H mixture -
Brome A 0.0 3.7 8.2 25.0 
B 5.0 20.7 36.5 17.4 
Alfalfa A 6.2 20.0 32.8 85.5 
B 4.2 24.6 46.8 97.3 
Red clover A 2.7 13.9 25.3 30.8 
B 1.5 6.2 20.4 26.6 
Alsike clover A 0.8 3.2 3.4 2.6 
B 0.5 1.4 1.7 1.0 
Legume total A 9.6 37.1 61.5 118.9 
B 6.2 31.8 68.8 124.8 
Grass total A 3.7 8.2 25.0 
B 5.0 20.7 36.5 17.4 
Overall total A 9.6 40.8 69.7 143.9 
B 11.2 52.5 105.3 142.2 
C mixture 
Brome A 0.2 0.3 2.5 14.4 
B 1.1 5.3 12.4 16.9 
Alfalfa A 6.1 12.0 31.7 76.1 
B 4.0 23.1 47.3 94.8 
Red clover A 2.8 5.6 16.9 36.6 
B 1.3 6.8 12.3 22.8 
Alsike clover A 0.6 1.8 3.6 3.3 
B 1.0 1.9 2.6 3.4 
Grasses3 A 0.0 0.0 2.5 22.0 
B 0.5 4.4 11.3 36.5 
Legume total A 9.5 19.4 52.2 116.0 
B 6.3 31.8 62.1 121.1 
Grass total A 0.2 0.3 5.0 36.4 
B 1.6 9.8 23.7 53.4 
Overall total A 9.7 19.7 57.2 152.4 
B 7.9 41.6 85.8 174.5 
^Kentucky bluegrass, alta fescue, and redtop. 
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Table 47. 1951 plant counts of two seed mixtures at four 
rates of seeding on two soil horizons, averages of 
twelve 1/16 milacre quadrats in four replications 
of experiment I in northwest Iowa. 
Species and 
mixtures Horizons 
Seeding rates 
1 4 16 64 
H mixture 
Brome A 3.9 13.4 26.1 39.9 
B 12.8 33.0 86.8 105.3 
Alfalfa A 4.4 19.6 38.9 54.6 
B 6.6 11.7 28.5 45.8 
Red clover A 1.8 7.8 19.4 31.3 
B 0.8 0.5 4.0 2.6 
Alsike clover A 1.1 4.1 3.3 1.1 
B 1.2 0.8 1.9 1.0 
Legume total A 31.5 61.9 86.9 
B 8.6 13.0 34.4 49.3 
Grass total A 3.9 13.4 26.1 39.9 
B 12.8 3.0 86.8 105.3 
Overall total A 11.2 44.9 87.7 126.8 
B 21.4 46.0 121.2 154.6 
C mixture 
Brome A 1.7 2.3 11.8 25.0 
B 2.9 12.7 27.6 68.4 
Alfalfa A 7.6 11.9 30.4 46.1 
B 7.5 16.0 42.8 31.8 
Red clover A 1.6 3.6 12.9 32.0 
B 0.6 0.6 4.0 1.8 
Alsike clover A 1.3 2.5 4.2 4.3 
B 0.4 0.5 0.9 0.3 
Grasses3 A 0.1 0.3 2.7 16.7 
B 2.2 2.9 12.6 17.1 
Legume total A 10.4 18.0 47.5 82.3 
B 17.1 48.7 33.8 
Grass total A 1.8 2.5 14.5 30.5 
B 5.1 15.5 40.0 85.4 
Overall total A 12.2 20.5 62.0 112.8 
B 13.6 32.6 88.7 119.2 
^Kentucky bluegrass , alta fescue, and redtop. 
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Table 48. 1952 plant counts of two seed mixtures at four 
rates of seeding on two soil horizons, averages of 
twelve 1/16 milacre quadrats in four replications 
of experiment I in northwest Iowa. 
Species and 
mixture Horizons 
Seeding rates 
1 4 16 64 
H mixture 
Brome A 41.7 63.3 59.4 60.1 
B 19.8 64.9 122.8 144.8 
Alfalfa A 6.3 15-6 25.5 28.8 
B 7.3 17.2 20.7 35.1 
Red clover A 1.5 3.4 6.2 9.3 
B 0.7 1.0 5.3 4.4 
Alsike clover A 0.8 0.7 0.3 0.0 
B 0.7 0.3 0.1 0.6 
Legume total A §'5 19.7 31.9 38.0 
B 8.6 18.5 26.1 40.1 
Grass total A 41.7 63.3 59.4 60.1 
B 19.8 64.9 122.8 144.8 
Overall total A 50.2 83.0 91.3 98.1 
B 28.4 83.4 148.9 184.9 
C mixture 
Brome A 6.2 21.3 49.7 46.8 
B 8.8 29.3 51.7 113.8 
Alfalfa A 5.9 8.8 20.9 28.4 
B 5.8 19.3 31.6 23.7 
Red clover A 1.6 2.8 3.7 6.8 
B 1.7 1.6 5.3 2.9 
Alsike clover A 0.6 1.0 0.3 0.3 
B 0.4 0.5 0.5 0.4 
Grasses3 A 0.1 1.4 2.8 4.3 
B 3.0 13.5 18.8 22.9 
Legume total A 8.1 13.4 24.8 35.5 
B 7.8 21.3 37.3 27.0 
Grass total A 6.3 22.6 52.4 51.0 
B 11.7 42.7 70.4 136.7 
Overall total A 14.4 36.0 77.2 86.5 
B 19.5 64.0 107.7 163.7 
^Kentucky bluegrass, alta fescue, and redtop. 
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Table 49. 1954 plant counts of two seed mixtures at four 
rates of seeding on two soil horizons, averages of 
twelve 1/16 milacre quadrats in four replications 
of experiment I in northwestern Iowa. 
Species and Seeding rates 
mixtures Horizons 1 4 16 64 
H mixture 
Brome A 105.6 116.1 115.7 115.1 
B 51-3 79.5 102.0 146.3 
Alfalfa A 3.3 5.8 8.3 8.1 
B 3.4 4.2 5.6 6.7 
Red clover A 0.1 0.0 0.0 0.0 
B 2.0 0.2 1.3 0.8 
Alsike clover A 0.0 0.0 0.0 0.0 
B 0.0 0.0 0.0 0.0 
Legume total A 3.3 5.8 8.3 8.1 
B 5.4 4.3 6.9 7.5 
Grass total A 105.6 116.1 115.7 115.1 
B 51.3 79.5 102.0 146.3 
Overall total A 108.9 121.9 124.0 123.2 
B 56.7 83.8 108.9 153.8 
C mixture 
Brome A 73.9 93.6 126.0 117.8 
B 49.5  76.5 70.4 82.8 
Alfalfa A ; 222 4.3 6.6 8.4 
B 2.8 6.3 7.0 5.0 
Red clover A 0.7 0.1 0.0 0.0 
B 1.8 0.0 0.3 0.6 
Alsike clover A 0.0 0.0 0.0 0.0 
B 0.1 0.0 0.0 0.0 
Grasses3 A 0.0 0.8 0.0 0.4 
B 8.8 3.0 7.7 11.7 
Legume total A 2.8 4.4 6.6 8.4 
B 4.7 6.3 7.3 5.6 
Grass total A 73.9 94.0 126.0 118.2 
B 58.3 79.5 78.1 94.5  
Overall total A 76.7 98.4 132.6 126.6 
B 63.0 85.8 85.4 100.1 
^Kentucky bluegrass, alta fescue, and redtop. 
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Table 50. 1955 plant counts of two seed mixtures at four 
rates of seeding on two soil horizons, averages of 
twelve 1/16 milacre quadrats in four replications 
of experiment I in northwest Iowa. 
Species and Seeding rates 
mixtures Horizons 1 4 16 64 
H mixture 
Brome A 114.6 125.9 110.0 117.6 
B 78.5 92.9 124.7 145.7 
Alfalfa A 3.6 5.2 6.3 6.5 
B 3.5 3.7 7.1 6.1 
Red clover A 0.0 0.0 0.0 0.0 
B 2.2 0.1 0.0 0.0 
Alsike clover A 0.0 0.0 0.0 0.0 
B 0.0 0.0 0.0 0.0 
Legume total A 3.6 6.3 6.5 
B 5.7 3.8 7.1 6.1 
Grass total A 114.6 125.9 110.0 117.6 
B 78.5 92.9 124.7 145.7 
Overall total A 118.2 131.1 116.3 124.1 
B 84.2 96.7 131.8 151.8 
C mixture 
Brome A 94.8 121.5 130.1 120.8 
B 74.3 93.9 94.8 112.2 
Alfalfa A 1.8 3.7 6.8 9.3 
B 2.1 4.8 6.4 4.8 
Red clover A 0.1 0.0 0.0 0.0 
B 1.0 0.0 1.8 0.0 
Alsike clover A 0.0 0.0 0.0 0.0 
B 0.0 0.0 0.0 0.0 
Grasses3 A 0.0 0.0 0.7 0.0 
B 7.7 1.5 2.4 2.5 
Legume total A 1.8 3.7 6.8 9.3 
B 3-1 4.8 8.3 4.8 
Grass total A 94.8 121.5 130.3 120.8 
B 81.9 95.1 96.9 114.7 
Overall total A 96.6 125.2 137.1 130.1 
B 85.0 99.9 105.2 119.5 
^Kentucky bluegrass, alta fescue, and redtop. 
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Table 51. 1950 plant counts of two seed mixtures at four 
rates of seeding on two soil horizons, averages of 
six 1/16 milacre quadrats in two replications of 
experiment I in southeast Iowa. 
Species and 
mixtures Horizons 
Seeding rates 
1 4 16 64 
H mixture 
Brome A 11.8 21.0 52.0 90.3 
B 5.5 12.7 21.7 28.8 
Alfalfa A 3.2 10.3 14.5 14.8 
B 10.5 15.7 17.8 27.5 
Red clover A 5.3 14.5 27.3 55.7 
B 7.2 15.2 28.3 40.5 
Alsike clover A 5.5 7.2 8.7 8.7 
B 4.5 6.2 10.8 13.5 
Legume total A 14.0 32.0 50.5 79.2 
B 22.2 37.0 57.0 81.5 
Grass total A 11.8 21.0 52.0 90.3 
B 5.5 12.7 21.7 28.8 
Overall total A 25.8 53.0 102.5 169.5 
B 27.7 49.7 78.7 110.3 
C mixture 
Brome A 3.2 4.2 10.7 16.7 
B 0.7 1.3 5.7 39.0 
Alfalfa A 5.8 13.0 41.2 34.0 
B 6.0 14.3 15.3 39.7 
Red clover A 4.7 21.2 32.2 39.0 
B 4.0 12.0 19.7 42.5 
Alsike clover A 6.5 12.7 9.2 14.3 
B 4.8 8.0 4.7 3.3 
Grasses3 A 4.2 9.3 15.5 49.2 
B 0.3 2.3 7.7 58.8 
Legume total A 17.0 46.8 82.5 87.3 
B 14.8 32.3 39.7 85.5 
Grass total A 7.3 13.5 26.2 65.8 
B 1.0 3.7 13.3 97.8 
Overall total A 24.3 60.3 108.7 153.2 
B 15.8 36.0 53.0 183.3 
aKentucky bluegrass , alta fescue, redtop. 
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Table 52. 1951 plant counts of two seed mixtures at four 
rates of seeding on two soil horizons, averages of 
six 1/16 milacre quadrats in two replications of 
experiment I in southeast Iowa. 
Species and Seeding rates 
mixture Horizons 1 4 16 64 
H mixture 
Brome A 32.8 87.0 146.5 169.8 
B 9.7 54.7 68.8 88.8 
Alfalfa A 2.5 6.3 7.0 7.0 
B 12.2 14.5 22.5 33.8 
Red clover A 5.8 19.5 27.7 83.8 
B 10.0 16.3 37.8 72.2 
Alsike clover A 4.7 11.2 10.2 12.2 
B 8.0 9.3 19.0 6.8 
Legume total A 13.0 37.0 44.8 103.0 
B 30.2 40.2 79.3 112.8 
Grass total A 32.8 87.0 146.5 169.8 
B 9.7 54.7 68.8 88.8 
Overall total A 45.8 124.0 191.3 272.8 
B 39.9 94.8 148.2 201.7 
C mixture 
Brome A 15.2 39.7 67.2 90.3 
B 1.8 5.8 16.5 71.2 
Alfalfa A 7.0 8.8 22.3 26.7 
B 9.8 13.2 22.8 39.0 
Red clover A 5.0 29.3 57.5 74.0 
B 4.0 8.2 25.7 51.7 
Alsike clover A 7.5 22.8 26.0 11.5 
B 5.2 8.5 11.5 6.0 
Grasses3 A 8.3 26.9 72.8 130.0 
• B 2.2 6.8 9.3 29.1 
Legume total A 19.5 61.0 105.8 112.2 
B 19.0 29.8 60.0 96.7 
Grass total A 23.5 66.7 140.0 220.3 
B 4.0 12.7 26.0 102.2 
Overall total A 43.0 127.7 245.8 332.5 
B 23.0 42.5 86.0 198.8 
^Kentucky bluegrass, alta fescue, redtop. 
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Table 53. 1952 plant counts of two seed mixtures at four 
rates of seeding on two soil horizons, averages of 
six 1/16 milacre quadrats in two replications of 
experiment I in southeast Iowa. 
Species and Seeding rates 
mixtures Horizons 1 4 16 64 
H mixture 
Brome A 80. 5 82. 7 81. 5 77. 8 
B 37. 0 108. 2 72, .5 88, .2 
Alfalfa A 4. 3 7. 7 10. 3 4. 0 
B 12. ,8 8. 5 19. 2 6. 8 
Red clover A 31. 0 27. 3 13. 8 22. 7 
B 10. 5 16. 2 11. 5 14. 8 
Alsike clover A 0. 2 0. 8 0. • 5 0. ,0 
B 0. ,2 0, 3 0. • 5 0. 2 
Legume total A 35. 5 35. 8 24. 7 26. 7 
B 23. 5 25. 2 31. 2 21. 8 
Grass total A 80. • 5 82. 7 81. 5 77. ,8 
B 37. 0 108. 2 72. ,5 88. 2 
Overall total A 116. ,0 118. 5 106. 2 104. • 5 
B 60. • 5 133. 3 103. ,7 110. .0 
C mixture 
Brome A 29. 7 23. 8 50. 0 30. 8 
B 22. 0 15. 5 2o. 3 57. 0 
Alfalfa A 5. 8 13. 3 17. 0 9. 7 
B 7. 5 9. 5 21. 3 21. 8 
Red clover A 27. 8 26. 5 35. 5 21. 3 
B 19. 3 8. 7 13. 8 6. 5 
Alsike clover A 1. 0 0. 5 0. 5 0. 0 
B 0. 0 1. 5 0. 5 0. 5 
Grasses3 A 36. 7 39. 2 39. 9 38. 8 
B 16. 2 17. 5 26. 6 34. 1 
Legume total A 34. 7 40. 3 53. 0 31. 0 
B 26. 8 19. 7 35. 7 28. 3 
Grass total A 66. 3 63-0 90. 0 69. 7 
B 38. 2 33. 0 53. 0 91. 2 
Overall total A 101. 0 103. 7 143. 0 100. 7 
B 65. 0 52. 7 88. 7 119. 5 
^Kentucky bluegrass, alta fescue, and redtop. 
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Table 54. 1954 plant counts of two seed mixtures at four 
rates of seeding on two soil horizons, averages of 
six 1/16 milacre quadrats in two replications of 
experiment I in southeast Iowa. 
Species and Seeding rates 
mixture Horizons 1 4 16 64 
H mixture 
Brome A 69.5 81.2 66.8 84.2 
B 51.8 92.0 89.5 98.2 
Alfalfa A 1.5 1.5 3.2 0.8 
B 4.2 1.2 5.7 1.3 
Red clover A 0.2 0.0 0.0 0.0 
B 0.0 0.0 0.0 0.0 
Alsike clover A 0.0 0.0 0.0 0.0 
B 0.0 0.0 0.0 0.0 
Legume total A 1.7 1.5 3.2 0.8 
B 4.2 1.7 5.7 1.3 
Grass total A 69.5 81.2 66.8 84.2 
B 51.8 92.0 89.5 98.2 
Overall total A 71.2 82.7 70.0 85.0 
B 56.0 93.7 95.2 99.5 
C mixture 
Brome A 41.2 58.0 48.3 75.7 
B 43.7 30.8 56.7 65.2 
Alfalfa A 3.2 5.3 4.5 2.5 
B 3.0 4.8 5.5 3.2 
Red clover A 0.5 0.5 0.0 0.0 
B 0.0 0.2 0.0 0.0 
Alsike clover A 0.0 0.0 0.0 0.0 
B 0.0 0.0 0.0 0.0 
Grasses3 A 20.9 2 7.7 30.9 44.8 
B 25.1 19.0 74.3 56.0 
Legume total A 3.7 5.8 4.5 2.5 
B 3.0 5.0 5.5 3.2 
Grass total A 62.0 85.7 79.2 117.2 
' B 68.8 49.8 131.0 121.2 
Overall total A 71.2 82.7 70.0 85ro 
B 56.0 93.7 95.2 99.5 
^Kentucky bluegrass, alta fescue, and redtop. 
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Table 55. 1955 plant counts of two seed mixtures at four 
rates of seeding on two soil horizons, averages of 
six 1/16 milacre quadrats in two replications of 
experiment I in southeast Iowa, 
Species and 
mixtures Horizon 
Seeding rates 
1 4 16 64 
H mixture 
Brome A 106.3 107.7 108.5 111.8 
B 79.7 113.5 101.5 111.2 
Alfalfa A 2.7 3.2 6.0 2.5 
B 5.7 0.7 6.5 2.2 
Red clover A 6.2 0.5 0.2 2.0 
B 0.0 0.0 0.0 0.0 
Alsike clover A 0.0 0.0 0.0 0.0 
B 0.0 0.0 0.0 0.0 
Legume total A 8.8 3.7 6.2 4.5 
B 5.7 0.7 6.5 2.3 
Grass total A 106.3 107.7 108.5 111.8 
B 79.7 113.5 101.5 111.2 
Overall total A 115.1 111.4 114.7 116.3 
B 85.4 114.2 108.0 113.5 
C mixture 
Brome A 70.2 82.7 92.5 93.0 
B 73.8 45.7 59.7 67.3 
Alfalfa A 4.7 4.7 5.8 2.7 
B 3-2 3.8 3.8 
Red clover A 3.8 0.8 0.3 0.2 
B 0.3 0.0 0.0 0.5 
Alsike clover A 0.0 0.0 0.0 0.0 
B 0.0 0.0 0.0 0.0 
Grasses3 A 11.1 6.5 6.8 5.4 
B 6.8 13.8 25.7 26.9 
Legume total A 5.5 6.2 2.8 
B 6.5 3.8 4.3 
Grass total A 81.3 89.2 99.3 98.3 
B 80.7 59.5 85.3 94.2 
Overall total A 89.8 94.7 105.5 101.1 
B 84.5 66.0 89.1 98.5 
^Kentucky bluegrass , alta fescue, and redtop. 
191 
Table 56. Names of grasses and legumes used in this study, 
the common name according to general usage and the 
botanical name according to Fernald (18). 
Common name Botanical name 
Legumes 
Alfalfa 
Alsike clover 
Birdsfoot trefoil 
Crown vetch 
Hairy vetch 
Korean lespedeza 
Red clover 
Yellow sweetclover 
Medieago sativa L. 
Trifolium hybridum L. 
Lotus corniculatus L. 
Coronilla varia L. 
Vicia villosa Roth 
Lespedeza stipulacea Maxim. 
Trifoilium pratense L. 
Melilotus officinalis (L.) Lam. 
Grasses 
Alta fescue 
Big bluestem 
Bromegrass 
Crested wheatgrass 
Indiangrass 
Intermediate wheatgrass 
Kentucky bluegrass 
Little bluestem 
Oats 
Orchard grass 
Red fescue 
Redtop 
Rye 
Sand dropseed 
Sideoats grama 
Switchgrass 
Three-awn 
Timothy 
irestuca elatior var. arundinacea 
L. 
Andropogon Gerardi vitman 
Bromus inermis Leyss. 
Agropyron cristaturn (L.) Gaertn. 
Sorghastrum nutans (L. ) Nash 
Agropyron intermedium (Host) 
Beauv. 
Poa pratensis L. 
Andropogon scoparius Michx. 
Avena sativa L. 
Dactvlis glomerata L. 
Festuca rubra L. 
Agrostis alba L. 
Secale cereale L. 
Sporobolus cryptandrus (Torr.) 
Gray 
Bouteloua curtipendula (Michx.) 
Torr. 
Panicum virgatum L. 
Aristida sp. L. 
Phleum pratense L. 
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